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Lantbruksuiidervisniiigen vid universiteten aktualiserades på 
nytt 1813 genom ett förslag om försöksgårdar, vilka borde knyta 
till sig i laiitbruksvetenskap kunniga persoiuT. Frågan a.van(*erade 
så långt, att Kungl. Maj:t utfärdade ett regleni(*nte 1818 för en för- 
söksgård vid Lunds universitet, vars förvaltare skulle undervisa i 
rakning, geometri, naturlära oeli botanik. Härtill skulle komma 
praktisk undc^rvisning. Planen rc^aliserades doek aldrig.^ 

Även vid gymnasierna tänkte man sig lantbruksundervisning 
und(‘r 17()0-talet,. Som (»xenijM^l kan anföras, iitt l(‘ktorn i natural- 
historia vid Strångnasgymnasiet enligt en instruktion av år 3 779 
av(m skulle undervisa i ekonomi. Undervisningen giek samma öde 
till möt(‘S som vid universiteten.^ 

Redan före ekonomiprofessurernas inrättande vid universitet(*n 
had(* »lonas Alströmer börjat realisera tanken pi en speciell under¬ 
visningsanstalt för lantbruket. Ilan öppnade* på 1730-talet en sehä- 
feriskola e)e*h irirattaele 1718 ]>a sin arrenele*gård ITöjentorp i närlie- 
tem av Skara em skola, som i slutet av 17r)Otalet flyttades till Alingsås. 
Den synes ha upph<)rt viel Alstromeus J7H1 tin.ade frånfälle. Vid 
eiemna laroanstalt antngos enligt em u])])gift emebist elever, som tidi¬ 
gare studerat vid nagot univt‘rsiletKnligt Alströnmr utgjendes 
lararkrafterna av en le^kteii i ekememii, en sediäfermästare samt. en 
»planteur» e)ch en traelgårdsenastare.^ 

Lantbruksunele*r\isningem var em ståeiiele fråga på de eunkring 
1800 upprattade luishallning-ssallskapems pimgram. Det. gällelci här¬ 
vidlag praktiska lantbruksske)le)r, vilkas inrätlande* e)edi vidmakt¬ 
hållande stötte på stora, framför allt e*konomiska svåriglietem. Den 
fe)rsta. synes lia vant Dyringe lantbruksskola- i Örebro lan, semi till- 
kemi 1813 men snart nedlade\s.^ 

1 ele» alltsedan 1700-taled feiredigganele* diskussiemsinläggem réirande 
<‘n lantbruksunelervisning återkomme) stäneligt- vissa grundlågganele 
fråge‘stallningar. De galleb* dem prineijiietla, me^jlighetem av em ve¬ 
tenskaplig lantbruksfeirskning, behovet av en lantbruksuiideu’vis¬ 
ning ()ve*r huvud taget och eiemna undervisnings förhållande till tem- 
retisk kunskap. 

Som en eme^rgisk foivs] iråka re* fen* utfeirskandet av det- nya larei- 
amnet- e^ke)ne)mi framtraeleie* ingen mindre ån Jimu'. 1 sitt preigram- 
tal viel den borgstromianska tirofessurens inrattaneie etteiiyste han 
en »bergfast grund for vvar (*gen ()ee*.emomie*, som inte*t- aiinal- år än 
Aatural-knnnigheiem».^’ I>e*hovet av ett teH)re*tiskt ve*tanele iit-tryektes 

^ S(* JiililiTi Daiintoit, Kungl ^lntl)^uksakodf*rnlon 1S13—11112. D. 2 (1913) 
8. 3S f. 

2 S<‘ Rt^gmm guBiavianum gvmnasiiim strengiuaiHi^ 1020 - 1926 (tr. 1926) h. löOff. 

3 eircbro laius Kougl. hiishålluiugH-sallakapH historia 1S03- 1902 (tr. 1902) D. 2 
8. 2 f.. 11. 

4 Alstrornor, Tal, orn sc*haferiernaR nytta (1760) b. 12 f. 

^ Örebro lans Kongl. hushallningH-sallskapH hiHtona 1803 —1902, D. 2 8. 4 ff 

« Don Bwonska Morourivis, Arg. ö (1760): 3 8.217. 
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på ett lapidariskt sätt av Alströmer: »Et städadt förnuft och et re- 
bej^rep oni orsakerna til det som händer, kan ieke annat än göra 
ntöfningen lyekosam.))^ Linné antydde, att hans ståndpunkt var 
av gammalt datum o(*h mött starkt motstånd. Det var måliända 
också helt naturligt, att d(‘ nyinrättade ekonomiprofessurernas till¬ 
komst väckt ovilja, då de ju inneburo en kritik av gängse akademisk 
undervisning och forskning. Som ett typiskt exemi)el kan anföras 
ett. uttalande av astronomif)rofessorn Melanderhjelm i lians Inkanta 
uxipsats oni Uppsala universitcd av är 1783: »Ilvad Dorgströmianus 
professor angår, sä har jag svårt vid att imaginera mig, att åker¬ 
bruks v(‘l en skajien i sin theori, hvilken likväl professorn bör af- 
handhi, är susc(‘ptible af nugot stort och exeidlent. Stora åkerbru¬ 
kare kunna val gifvas, rnen det är för den i varckct ställde praktiska 
kunskapcui derutinan, sorn de lära erhålla den epitheten. Om d(‘r- 
före professor Ilorgströinianus, i stället för att vilja afhandhi det som 
hör honom til eft(*r inrättningen pä ett acadeniiskt. sätt, ville blifva 
en praktisk åkerbrukare, sä kunde han också blifva derutinan stor, 
men dä tillika sjelf så laga, att jorden och åkern t ildelte honom pcai- 
sion utom sin lön.»^ 

De olika diskussionsinläggen utgjorde, förutom en variation av (i(‘ 
nu namnda synpunkterna, merendels uppräkningar av (!(' olika 
ämnen, sotii borde ingå i lantbruksundervisningen. Även urnhT- 
stroks behovet av särskilt utbildade tjänstemän, som skulle kunna 
tillhaiidagä jordlmikarna med råd och ujiplysning.^ Att försöks- 
v(‘rksamhet läge utanför (»nskilda personers m(»jligheter framhölls 
också.^ 

Eörst ett gott styek(‘ in på IHOO-talet började förslagcai ‘antaga 
en mera konknd utformning, grundad på erfartmlnderna fran ()(' 
efter hand upprattade tyska undervisningsanstalterna på lant¬ 
brukeds område med kombinerad praktisk och t(*or(disk undervis¬ 
ning, om vilka talrika. r(‘dogörelser offentliggje.>rel(‘s. Illanel de* eilika. 
inlaggen må särskilt nämnas de, som eunkring 1830 gjemles av lant¬ 
bruksakademiens blivande sekreterare dolian Theoplnl Nathhorst^^ 
och av akaelemiens dåvarande sekreterare Jk A. (Iranberg^ (Iran- 
bergs och Natldiorsts senare inlägg feminleeleles av ett av lantbruks¬ 
akademien 1832 utlyst prisämne om den lampliga organisationen 
av en uneiervisningsanstalt. för lantbrukare, oeäi i vad mån, elart\st 
deui kunde ans(*s lämplig att förläggas till Stoekheilms närh(‘t, den 

^ Alstrome*!* ti. a. h. lo. 

2 Anneu^Mtodt a. a. Bihang 5 s. 142. 

® Borch, Tarikar om undorvisning vid Iniidt-bruk (ITT)!) s. 11 ff. 

A. a. s. 5 ff. 

® RefloxiorH'r ofwer mrattandet af ott swcn.skt JaiidlliriiksiriMtitiit (IS29). - 
Plan till ett svenskt landtbruks-institiit (Kongl. sv^enska laricltbriiks-akaderniens 
handlingar 1S3.3—34 s. 91 —130. tr. 1S3.5). 

® Om anlaggandet af ett svemskt landtbrnks-institut (Kongl. svenska landt- 
bruks-akadomiens handlingar 1832 s. 55—80). 
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skulle kunna tillgodogöra, sig den undervisning, soin meddelades vid 
där reda.n }>efintliga inrättningar. Granberg ansåg för sin del, att 
instiliilet med fördel kunde upprättas i huvudstadens närhet, medan 
Nathhorst pläderade för en mera avskild trakt. IJan anförde bland 
annat skälet, att trakten i Hto(;kholnis närhet måste anses såsom 
mindr(‘ typisk för landets lantbruksförhållanden i allmänliet. 11 an 
ville o(*kså ge lantbrukets binäringar en mindn' framträdande plats 
i undervisningen, medan Granberg ansåg dessa vara av storre be¬ 
tydelse i det nordliga Sverige än på kontinenten, vars undervis¬ 
ningsanstalter i detta hänseende ej kunde tjäna såsom mönster. 
Nathhorst räknade» med undervisning i de grundläggande v(»t(»n- 
skaperna men betonade starkt deras begriinsade betyd(»lse oeh fram¬ 
höll, att institutionen ieke skulh' bedriva någon egentlig forskning. 
Nathhorst uiKhustreik aven starkt den ekonomiska undervisningens 
betydelse. Dessa frågeställningar berördes ej av Granberg. 

Upprättandet av del första svenska lantbruksinstitutet är en 

förtjänst, som helt tillkommer den till Sverige inflyttade Kdward 
Nonnen, av tysk-engelsk börd. Ilan forlade institutet, som tillkom 
1S31, till sin egernloin Degebeii» i Västergötland o(*h lyckades o(*kså 
utverka ett anslag av nksdaj en *s:U—35. 

Det var ingalunda första gängen, som riksdagen beretts tillfälle 
att taga. ståndpunkt till det s\»rjska lantbrukets undervisnings- 
fråga. Dt t forslag oiu inrättande av prakt iska lantbruksskolor 

framlades vid IKlö ars riksdag av Unrl Adam Ehrengraria.t utan re¬ 
sultat.^ Ktt liknaudi» yrkand(» framfördes av Bengt Drlaud Franc, 
Sjiarre vid 18U3 ars riksdag: »Dessa nödvändigt i jiraktisk tendtms 
inrattad(* Skolor skulle ivko sysslosä.tta sig med nya rön oeh försök, 
utan ln‘lt (»nkelt lara. Landt bruket, sådant, som det i Sveriges sär¬ 
skilda provinser (jemfordt med andra Bänd(»rs erfarenhet) jiraeti- 
s(Tas. De skulle ])å (*tt vett(»uskapligt, men likval populairt sätt, 

lemiia. uiiderrat t(*lse oni Landthushålliiingeus säkra grunder oeh af 

rrfarrnhcini bestyrkta, resultat(»r. De b(‘Iiöfdt» ingen stor uppställ¬ 
ning af Laran*: en Teehnolog, en egentlig Feonom oeh en Under¬ 
visare i Bokhålleri vore tillräckligt: allt deriitofver vore skadligt.»^ 
August von Jlartinansdorff förklarade, att en dylik skola borde vara 
förenad im»d lantbruk.^ Förslaget ledde iek(» till någon riksdag(Uis 
åtgärd. Vid följande riksdag 1828—30, var greve Nils Bark motio¬ 
nar.'* Allmanna besvärs- oeh ekonomiutskottet uttalade sin sym¬ 
pati för motionen med hänvisning till att »erfanmheten tillräckligt 
bestyrkt., huruledes inom åtskillige af Bikets Provineer niängen 
eJordbrukare vanvårdat siii jord, oftast af bristande kännedom i de. 
första elementeiua for dess ratta behandling oeh bunden vid vanor 

^ 1815. Kuld. och adeln 2 s. 14S fl. 

2 lS2:i. Ridd. och addn, bd. 1 s. 912 1. 

» A. a. 2 H. :168. 

* 1828- 30. Ridd. och adeln 3 s. 378 ff. 
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och fördomar, hvilkas skadli^het han saknat förmåga att inse». Ut¬ 
skottet ville dock icke förorda ett anslag utan föreslog, att Kungl. 
Maj:t skulle bemyndigas att använda medel, anslagna till skiftes¬ 
verket, varvid ISkaraborgs län särskilt anbefalldes i åtanke.^ På 
riddarhuset, som återremitterade det onekligen oformliga förslaget, 
uttalade Wollrath Tham sina betänkligluder mot »en theoretisk 
Åkerbruksskola, till hvilken allmogen icke skulle sätta förtroende. 
De fördomar, som hos dem herrska, utrotas icke genom 8kolor, 
utan genom erfarenhetens läror, o(;h kloka possesionaters exempel.»^ 
Från denna riksdag föreligga också uttalanden från bondeståndet. 
Här framträdde länge en avvisande hållning. Anders Pehrsson från 
Öst<ergötland fann en dylik undervisningsanstalt »alldeles öfver- 
flödig; ty wi hafwa nog i detta afseende utaf de i hwarje Län inrät¬ 
tade IlushållsSällskap, från liwilka härfhitit mycket både nyttigt 
o(ih odugligt, och det ior öfrigt är oemotståndligt, att practiken är 
den basta Läromästare i Landtraannayrket». Nils Månsson från 
Malmöhus län hänvisade till anslagen för Exp('rimeiitalfältet i 
Stockholm, »och då dermed i(ke wunnits det resultat, som åsyftats, 
så är icke stort skäl t ill den f{)rhoppning, att d(‘n projecterade Landt- 
bruks-S(‘holan skulle wara till mera nytta». rJohan Pengtsson från 
Västernorrlands lan förmenade, att »hwarje Landlbrukare är uti 
detta yrke sin egen Scholmästare». Ola J(^ppson från lUekinge lan 
yrkade avslag, »helst tillfällen icke saknas, att genom egen hand¬ 
läggning wid åkerbruket ber(»da sig all den skicklighet, som (udordras, 
och Lwilken andre orter utan någon liaiidtbruksScliola sig forwar- 
fwat».^ Utskottets förslag hade utan <lebatt- bifallits i praste- och 
borgarstånden rneii återr(*mitterats av de två ()vriga stånden, var¬ 
för utskottet i ett> förnyat utlåtamle (nr lö7) frångick sitt fiuslag 
med en ledamots reservation. Det nya f()rslaget. tnfölls i stånden, 
varvid Andreas Andersson från Skaraborgs län förklarade, att den 
föreslagna lantbruksskolan i hans hemtrakt skulle bliva »(*n kräfta, 
för Landet, samt åstadkomma en lika förödelse^, som fordom d(^ 
Egyptiska gräshopi)orna i Iduiraos Land».^ 

Frågan föll onekligen framåt, så det var vid en väl vald tidpunkt, 
som Edward Nonnen realiserade sin plan om ett lantbruksinstitut. 
Noniuri ägde en omfattande naturvetenskaplig skolning såsom 
grundval för sin verksamhet inom lantbruket, till vilket hans hu¬ 
vudintresse stod. Under vidsträckta resor hade han även studerat, 
vid Thaers lantbruksinstitut i Möglin. Denna tyska undervisnings¬ 
anstalt framstod odisi)utabelt som den främsta i Europa.^ Efter att 
1828 ha f()rvärvat egendomen Degeberg i Västergötland framlade 

^ Sami. 8. Botankando nr 155. 

2 Kl dd. oc*h adeln 48 s .ST f. 

2 Bondeståndet 0 s. Biff. 

* A. a. s. (m f. 

® Om Normen se framfor allt Hallenborg, Edward Nonneii (1925). 



Don högre lantbruksundervisningen vid Ultuna xv 

^Nonnen, som bland sina vänner räknade Natliliorst., i februari 1834 
en plan för ett lantbruksinstitut.^ 

2^onnen hävdade, att lantbrukets utövning »ovilkorligen fordrar 
grundlig vetenskaplig oeli praktisk utbildning», och att d(d. allmännas 
åtgärder i(‘ke kunnat uppvisa ett tillfredsställande resultat, »derföre 
att Landtmännen i allmänhet sakna en noggrann kännedom om sitt 
yrke, hvilande på bestämdare grunder», lian i)olemiseradc mot tan¬ 
ken, »att undervisningen för Allmogen till Eättare-lärlingar vore det 
mest maktpåliggande». Det viktigaste förklarades vara, att elev(‘r 
erhölles från »den mera bildade klassen». Beträffande allmogen hän¬ 
visade han till »de många fördomar hvilka ännu äro hos den inrotade 
. . . jemte de stora svårigheter hvilka möta, så snart man med All¬ 
mogen skall öfvergå från det rent handtverksmässiga tdl något 
slags utbildande af förståmhd och tankeförmågan». D(^n lägre 
undervisningen borde »aldrig betraktas såsoiti Institutets hufvud- 
föreniål», utan i stället »att vid Institutet uppfostra bildade Inspec- 
torer och J^^irvallare för större Egendomar, flern man liittillsi Sverige 
saknat, o<*-h at-t der lemna tillfälle för sön(*r af större Poss(\ssionater, 
r‘ller den bildade klasseti i <d]nianh<d, a1t förhvärDa så väl en prak¬ 
tisk som vetenskaplig kännedom om Landtbruks-yrket». ISfonnen 
åberopade också utla^oiets lantbruksskohu såsom »med vissa få 
undantag, ieke inrättade för den liandt verksniåssiga undervisningen 
af de mindrt* bildadi^ Klasser, ul:m för unga. possessionaters oeh Fgeii- 
domsförvaltares vet^mskapliga bildning». Såsom de aUmårina förut¬ 
sättningarna för institutet angå vos »sådana fonder, att verkligen 
skickliga, så vetenskapliga som praktiska lärare dcTvid kunna an- 
stallas, ocfi derj<*mt(‘ nlhi nödiga redskaper, modeller oeh böcker 
m. m., ärligen anskaffas, ocli äfveu kostnaderne bir mindre försök 
betäckas; — samt. sluteligcn att Institutet sedan lemnas ntau för 
mycket bindande r(‘giem(*iitariska former åt sin egen nt vcekling». 

Vid 1834—35 års riksdag vaidvtes flera motioner om lantbruks- 
undervisiiing. Landshövding (lyllenhaal i Skaraborgs lan föreslog 
(*tt årligt anslag till Tsimnen. Yrkandet bifölls med en obetydlig 
luiitning utan stcirre svårigheter i d(‘ t vå högre stånden. D( kritiska 
synpunkterna gingo framsl. nt på att lantbruksakademiens fonder 
borde anlitas för andarnålet. och att flera undervisningsanstalter 
borde inrättas. Medan förslaget i borga-rständet (uidast. bifölls med 
knapp majoritet, avslogs det i bondeståndet. För forslaget talade 
endast d<^ två bondchnlarna Ilans Jansson oeh Anders Danielsson. 
Bondeståndets avvisande hål]?iing tog sig framför allt uttryck i 
kritik av Nonncii och lians skötsel av Dcgcdierg. 8trindlund frän 
Våstcrnorrlands lan binstred, att »jordbruket wore en vadenskap, 

^ Vördsam frainstullniri/^ om stiftaiidot. af ett landtlmiks-mstitiit på säteriet 
De^eberg (1834). ilfr Prospeet ofwer landthruks-mstitutet på Degeherg (Upsala 
lans Kongl, lan<It hushålImiigssallskaps handlingar, H. 19, 1837 s. 00 ff,). 
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som kunde studeras, likasom hwarje wetenskapli^?t ämne, o<*.li winna 
tillämpning? öfwer allt».’ 

Nonnens insats blev banbrytande. Hans läroanstalt åtnjöt även 
efter beslutet om upprättandet av det slutliga lantbruksinstitutet 
vid Ultuna 1840 statsmakternas förtroende, lians statsanslag voro 
under åtskillipi år luigre än Ultunainstitutets. På grund av svårig¬ 
heter med lärare och elevkursens ekonomi, beslöt IMonnen att upp¬ 
höra med högre undervisning 1852. 


II. Ultuna lantbruksinstitut. 

Institutets upprättande. 

Initiativtagare till Ultuna lantbruksinstitut var landshövdingen 
i Uppsala lim Ilobert Fredrik von KramuT, som i en skrivelse av den 
24 september 1889 till Kungl. Maj:t foreslog, att ett institut skulle 
upprättas vid Ultuna.^ Ilan hänvisade inledningsvis till att säval 
jordbruket som boskapsskötseln i XTppsala län vore i behov av för¬ 
bättring. Fördenskull hmvslog han iipprättand(*t av ett lantbruks¬ 
institut, »som (‘j allenast till personer med redan inhamtade all¬ 
männa förberedande kunskaper, utan oeh till Allmogen, kan sprida 
de pröfwade vigtiga läror om jordbruk oeh boskapsskotscd, i mohn af 
hwar och (»n Flevs uj)fattningsförmäga., oeh som efwen, hwad lika, 
om ick(* mera wigtigt är, gör dessa laror fullt; pra(*tiska». Vad be¬ 
träffade J)eg(‘bergsinstitutet hänvisades till dess iikhI hansyn till 
hela riket otillräckliga kapacitet och dess avlagsimln^t. Till d(d 
föreslagna institutet borde Ultuna kungsladugård upj)låtas. Jnsti- 
tutet skulle erhålla dess avkastning »jemte (dt dessutom, troligem 
nödigt Stats anslag, anwisat t-ill behörig afloning af Föreståndare 
och Larare i alla (le aninen, som Eders Kongl. Maj:t i Nåder finiuT 
god t a tt bestämma, (dh^r de, som nu, i Inst itutet i Degelxrg feire- 
dragas, mmiligen Agronomie, Agricultur, wäxt (uilt ur, husdjureuis 
rätta behandling, Eeonomie* (jcli Uandtegendoms värdering, jemte 
do til) landtbruket hörande hjedpwetenskaper». Härtill skull(‘ komma 
»em Sehola, till inhämtande af kunskap i dc Ibr Allmogen mäst nöd¬ 
vändiga och vigtiga Sleijder samt. em stdrrt^ werkstad för tillwerk- 
ning af ny och fullgod jordbruksrexlskap». v. Kramier* hänvisade 
vidare till den hireslagna platsens närhet till Uppsala univ(rsit(d, 
varifrån lärarkrafter kunde liamias. Slutligen a.nförd(*s meijlighe- 
ten att stiukrande vid universitetet skulle kunna bli intresserade 
av lantbruk g(mom ded. närbelägna Ultuna. 

^ Se Ha]leii]>org a. a. s. 7S ff. 1S34 —3.5. Tlidd. och acJeln 2 s. 1()7 ff., 4 h. 15 ff.. 
Prästeståndet 6 s. 283 ff., Borgarsttindet 1 s. 539 If., 3 s. 379 ff., Bondeståndet 4 
s. (>95 ff. (citatet s. (i9(d* 

® Allmänna verks skrivelser till Kunj?!. Maj:t 928. (Kiksarkivet.) 
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Förslaget sändes på remiss till lantbruksakademien, som stålide 
sig synnerligen välvillig till Degebergsinstitutet. Dess utlåtande 
synes närmast böra tolkas som ett avstyrkande, då det uttrycikligen 
sages, att det borde vara lämpligast att utrusta ett enda institut med 
alla erforderliga resurser. Fn r(‘serva.nt avstyrkte lielt förslaget med 
hänvisning till Ultuna egendoms Iniga luiskörd, som jämte jord- 
måiKuis säregna beskaffenhet skulle göra den olämplig som mönstcu-- 
gård. Enligt v. Krauners uppgift skulle konungens bc^slut om (m 
skrivelse i ämnet till riksdagen ha fattats på landshövdingens en¬ 
trägna begäran mot statsrådens vilja. Skrivelsen beslöts den 15 
januari 1840, varefter skrmdseförslaget godkändes den 8 februari.^ 
Skrivelscm innebar ingalunda Tiågot formligt förslag utan endast 
en anmalan av v. Kra^niers uttalande till riksdagcai till det beslut 
frågan kunde föranleda. Till v. Kranners stora missnöje påpekades 
o(*kså i skrivelsen, at-t rik8<lagen skulle på nytt sammanträda, innan 
arrcmdet guik ut, varför det kunde synas, som om åtgärden kunde 
anstå, men att uppskovet skulle innebara, att; tid ginge. förlorad, 
under vilken förb(U’ed(4ser f(ir institutet kunde traffas, varför Kungl. 
Maj:t hade funnit sig föranlåten att (‘j dnija med sakförhållandets 
anmälan. 

1 talrika motioner påyrkades anslag iov lantbruksundervisningen. 

Gyllenhaal åt(‘rkom med begaran om stod för l)(*geberg, vilket 
föranledde v. Kra?mer att papeka, att nistilutet tillhörde» en enskild 
]>erson, »samt alt instituteds framgang elh»r fall beror på denne. Jag 
skulle tro, att då fråga ar om statsanslag till sådana inrättningar, 
bör man ieke endast afse ögonbliekets nyt ta, ut-an äfveu framtidens.»^ 
Yttrandets udd avsag sakeubgen inspektorem Poi)pius’ uttalande, 
att det för staten vore ekonomiskt fördelaktigare att med under¬ 
stöd bidraga till (*n enskilds unelervisningsaiistalt au att a vaga¬ 
bringa en helt statlig.^ I borgarståndet framhölls oeksä att det för 
staten skulle bli billigare atl vid behov övertaga instituDd- vid T)e- 
geb(‘rg i stälhd. för att inrätta, (dt nytt.** v. Kraun<‘r återkom i d(»- 
batten till frågan o(di ladonade, atl han ingalunda, ville ifrågasätta 
nyttan av J)eg(d>(»rg, men han framhöll, att såsom judvat- 

p(‘rson nar som helst skulle kunna salja gården.^ .hhi annan talare 
menade, att D(»geb(‘rg kunde bliva »im sorts ac-ademie för en högre 
bildning i yrk<d.», iiu‘dan andra und(*rvisningsanstalter på lantbru¬ 
kets område »borde — åt minst om» till en början — inskränka sin 
verkningskr(»ts till allmogen o<di den arbetande elass(m».® I ett för¬ 
slag om anslag till lantbruksundervisning i)å (^gendonum Orup i 

^ Riksdagen IS40--4I. Kiiiigl. iVlaj;ts'i»ropoMUloner. Skrivelse nr 54. Knerner, 
Mina h‘tTiH(lsnninnen (ISSfi) k 73 f. 

2 Ridd. o(d) Jitleln 2 s l(i7. 

3 A. a. K. SS f. 

Borgarståndet 1 s 

Jlidd. oeh adeln 2 s. I70f. 

« A. a. s. 170. 

11 — Kurufl. J^antbrukshuifbkolunft Afinulcr. Vol H) 
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8kåne förklarade Georg von Rosen, att någon experimentell verk¬ 
samhet ej borde bedrivas. »Min tro är fast, att eleverna böra ratio- 
nelt undervisas, oeh ej få en enda oförsökt idee i deras luifviiden.»i 

1 en motion lämnade v. Krsemer en utförlig motivering för ett 
lantbruksinstitut vid Ultuna vid sidan av det redan existerande på 
Degeberg. ITan framhöll, att ett enda institut icke kunde motsvara 
landets beJiov, ett uttalande som kanske i någon mån stred mot. be¬ 
teckningen »ett större central-landtbruks-institut»^ för det före¬ 
slagna Ultunainstitutet. Han hänvisade till avståndet och omöjlig¬ 
heten, att ett enda institut, skulle kunna mottaga alla intresserade, 
oeh framhöll konkurrensens betydelse samt att ett utcikat antal 
skulle Ixdordra. jordbrukets utveckling. Han bcdonade, i\itt han 
ingalunda avsåge, att Degebergsinstitutet skulle bli obehövligt, om 
blott. det. villkoret uppfylldes, att dess framtida bestånd säkrad<*s. 
lUtunas (‘entrala läge» framhävdes och dess karaktär av statlig egen¬ 
dom kontrastc^rades mot Degeberg. Åkerjorden förklarades vara 
bördig, men han beklagade, att förekomsten av nyodlingsmcijlig- 
heter var begransad. Han föreslog, att arrend(d)eloppet skulle fon- 
deras under fem år, »ehuru rantan af det derigenom ui)pkommand(* 
Capital af (»nikring 20 000 r:dr b:co visst i(‘k(^ (uisam kan blifva för 
aridamålet tillräcklig, utan ovillkorligen fordrar tillökning af årliga, 
anslag. Det är derjemte min fasta öfvertygelse, att. för(\ståndarens 
oc-h lararnas löner böra oiinuhdbart utgå från statsverket.» Han 
ville icke, att gårdens inkomster skulU‘ hopko])plas med (h\ssa av¬ 
löningar utan att överskottet av avkastningen skulh* ia an vandas 
a.v föreståndaren till eg(m förmån. Som låroånimm för(\slogos »ag¬ 
ronomi, agTi(*ultur, vext(*.ultur och trå.dgar<lssköts(*l, husdjurens 
behandling, ekonomi, laudtegendoms vard<‘ring oeh element(u-na 
af de till landtbruket hörande hjelp vettenska per, pnnte en skola till 
inhenit.ande af kunskap i de för allmog(*n mest nödvändiga, och nyt¬ 
tiga slöjder, samt on storre verkstad f<)r tillverkning af sådan full¬ 
god jordbruksredskap, som for hand kan åstadkommas; oeli att, i 
dessa afseenden, en fullständig och jemval i efterl(*fnad(*n möjlig 
instruetion bor utarlxdas af sakkunniga man». 1 sitt slut yrkande 
förklarade v. Kramier, att (hai nyssnämnda fondens avkastning 
skulle bestrida alla. omkostnadcT utan ytterligare statsbidrag.*^ Det 
ar sannolikt att denna brist pa likformighet föranletts av siråvan 
att gcira förslaget lättare antagbart för standerna.'^ 

' A. a. M. 247. 

^ "IVminiolo^Kai förblev laiifjo vacklMnd<\ om o<‘kså en sOirk OaalonH ^jorclo sig 
gallande att. for lantliriikels liogre iijulct^visningsanslalter res(‘rvera inst.ilnlsnam¬ 
net. Men aven lantbruksskolor kallades iblaral jnstitiit. lUott de lorstnainrala 
bel(*(‘knades sorn lantbriikslaroverk. 

•* Ridd oeh adeln s. tf. 

* DeTina forinodan har framställts av Jiihlm J)annfelt i lians förträffliga histo¬ 
rik over Ultuna lantbruksinstitut, till vilken i <let följande leke i varj<* särskilt fall 
hanvisas. Se Bidrag till Ultuna landthruksinstjtuts historia 1S4S—IS9S (Ultuna 
landthruksinstitnt 1848 -1808, tr. 1800) s. 9. 
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V. Kreemers motion, vars grundtanke oekså äterfiiines i ett för¬ 
slag i bondeståndet^ föranledde vid framställandet en omfattande 
debatt2. En talare föreslog, att ytterligare ett institut skulle upprät¬ 
tas i Skåne, helst i Lunds närhet, oeli att. Uppsala läns hushållnings¬ 
sällskaps förvaltningsutskott skulle få uppdraget att organisera 
Ultunainstitutet, vars upprättande borde påskyndas. En invänd¬ 
ning från en ledamot i lantbruksakadiunien att Ultunas jord vore 
av mer än medelgod beskaffenln^t-, oeh att därför Ultuna ieke vore 
lämplig plats f()r ('tt institut, då gården ieke kunde tjana som exem- 
})(d ])å hur ett genomsnittligt jordbruk skulle skötas, tillbakavisades. 
V. Kranner ansåg ieke, att ett lantbruksinstitut borde vara ett ex- 
perimentalfält med alla sorters jordmåiier. Eleverna borde erhålla 
förutom en praktisk även »en fullständig theoretisk bildning för att 
kunna bedömma, hvad vid hvarj(‘ jordbruk ar lämpligt att iakt¬ 
taga, livilka sädesslag böra an\ ändas, oeh huru man säkrast skall 
kunna närma sig idealet' af ett fullkomligt jordbruk, hvilket åter 
instituted bör förevisa». En talare liavdade, att den teoretiska un¬ 
dervisningen skulle vara huvudsak. En synpunkt, som vann viss 
anklang, var, att I>eg<‘b(Tg oeh rituna liksom d(d; föreslagna in¬ 
stitutet i Skåne alla vore belagna pä slättbygder, varför en lämplig 
belagenlud for ett institut v(»re Smaland, varemot invändes, att 
Degeberg kunde U])])visa flera jordijuun r. Ihi annan talare hänvi¬ 
sade till behoved a.v undervisning om lantbruk i skogstrakter. Även 
ed t fe>rslag om ett lantbruksinstitut i elleu’ ne)rr emi Jamtlanel fram- 
laeles.^ 

Statsutskehtets majorite.^. ställde sig välvilligt me)t förslagem rö¬ 
rande» institutet pa l)e‘g(d)erg, som vore »alt anse såsom en (Vntral- 
-Inrattning i detta afse*e‘nde för hela Riket», ihdraffande Ultuna- 
institulet loreslogs e»tt- iipj^skov till nasta rikselag. Slutligen hem¬ 
ställdes e)m ett ge»mensamt anslag fen fem lagre lantbruksskolor.^ 
IJtlataiidet feuanleelele viellyftiga debatter i alla ståndeui, varviel 
iiigU' nya syiijumkteu* framlade*s. iNanmas kan att v. Kramier före¬ 
slog, att ehd tillamiiaele» institutet vid TUtuna borele ställas under 
en av Kungl. Maj.d fenenelnael styrelse i ställe*!- fen* uueler hushåll¬ 
ningssällskapet, vilket e)ne*klige*n ste)el i bättre övere»nssUiinme‘lse 
meel elen kritik, semi förmärkte*s med l)egeb(*rgsinstitut(d.^ Ut- 
låtand(*t bifölls i har ifrågavarande del blott av bengarstånelet men 
åteiT(‘niitterad(*s av ele tre* andra. stånde*n. TTtske^tted vidhejll doejk 
sin avvisande hållning ge*nte*mot l'llunaall(*rnative1.<^ 1 de fénnyade 
dediatterna formuU*rade v. Kneme*r sitt lorslag till e*tt yrkanele* emi 


^ Hondeslåndt'! 3 s 3()S f. 

2 llutd. och jidolri 4 s. 30 fl’ 
^ \ a. H. 

^ Ldlalaiid(^ nr 01 s. 11 f. 

^ Hidd. ocli adeln 0 h. 700. 
^ Utlåtande nr 217 s. 3 f. 
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»ett anslag å 9;de Imfvudtiteln af 4 000 r:dr b;co årligen, motsva¬ 
rande IJlltuna kungsgårds arrende, att från 1841 af sättas, helst 
ränt(*bärande, till bildande af en fond för uppköp af inventarier rn. m. 
för ett landtbruks-institiit på UUtuna, samt att denna kungsgård 
vid arrendetidens slut, eller förr, om ärren datorn vill från arrende! 
afstå, må upplåtas till ett albnänt landtbruks-institut för hela 
Sverige, under öfverinspeetion af den särskilda styrelse, som K. M. 
i nåder kan finna för godt att dertill förordna».^ Frågan vållade 
en utförlig debatt i X)rä8teståndet, i vilken det mot Ultunas lämplig¬ 
het anfördes, att jordmånen vore alltför enhetlig, vilket- bestreds.^ 
Ståndet anslöt sig till v. Kraemers förslag, frånsett att tidpunkten 
för anslagets utgående ieke nämndes. I>å de båda lägre stånden 
vidhöllo sin avvisande hållning, medan adeln biföll förslaget, gick 
frågan till förstärkt statsutskott.^, i vilket yrkandet godkknd(‘8 m(‘d 
67 röster mot 52^, vilket alltså blev riksdagens beslut. I enlighet 
härmed utgick riksdagens skrivelse^, godkänd i dec^ember 1840. 

Med anledning av riksdagens beslut utsåg Kungl. Maj:t den 25 
januari 1841 en kommitt(^ »af Kunnige Landtbrukare 0 (di Kapita¬ 
lister» i Uppsala län att under landshövding v. Krainiers ordförande¬ 
skaj) utarbeta ett förslag till stadgar för institutt!.^^ Oin stadge- 
arbetet har le.ke några narmare up|)lysningar kunnat (»rhållas. De 
kortfattade jn otokolien, av vilka endast ett fåtal j)åträffat8, meddela 
endast, att diskussioner förekommit.’ Den 15 januari 1842 gjorde 
kommittén en hemställan om att arrendat-orn skulle utlösas lbr(' 
arrendetidens utgång, så att institutet redan 1814 skulle kunna 
börja sin vt^rksamhet, vilket doek ej bifölls.^ Kommitténs stadge¬ 
förslag® stadfästes av Kungl. Maj:t den 18 februari 1846 med smärre 
ändringar. Som institutets huvudsyfte aiigavs t(H)reti8k oeh i)rak- 
tisk undervisning. 8ainina dag utsågs styrelse* for institutet, vid 
vars första sammanträde stadgarna upplästes.^® Samtidigt b(‘slöt. 
styrelsen att ledigförklara föreståndare- o(*h inspektorsbefatt- 


1 Ridd. orh adeln II s. 390. 

* Prästeståndet 6 r. 4r)2 f. 

“ Memorial nr 301 h. 4S f. 

* Memi>rial nr 339 r. 10. Detta Mke<l<le enligt v. Krannor efter en energiHk be¬ 
arbetning från lianR sida av den i borgans tand et ledande Tbor l*etré. Se Mina 
lefnadsrninnen r. 74. 

Nr 174 s. 301 f. 

® Civil-departementet. KxjieditioncnR registratur 1S41. Januari—jnru. K. 
M;t8 boHlut. Nr 44. (Riksarkivet.) 

De tiro bundna tillsammans metl de äldsta styrelseprotokollen. (Lantbruks- 
hogskolans bibliotek.) 

® Underdånigt betankande af do utaf Kongl. Maj:t forordnade komiterade for 
verkställande af undersökning rörande forvaltningim oeh hushållningen vid Ultuna 
landtbruks-institut jemte derofver afgifna underdåniga utlåtanden (187K) s. 4 f. 

* Upsala lans Kongl. landthushållningssall.skaps handlingar 20, 1845 a. 30 -50 
jämte stat förslag. 

Styrelsens protokoll 10 maj 1840 § 2. 
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ningarna. Till den förstnämnda anmälde sig som ende^ sökande do¬ 
centen i botanik, sedermera adjunkten i praktisk ekonomi vid Upp¬ 
sala universitet Johan Arrhenius, som också vid fiiljande samman¬ 
träde utnämndes. Arrhenius, som även var praktisk jordbrukare, 
hade då redan länge samarbetat med v. Krscmer o(jh fungerade 
redan vid styrelsens första sammanträde såsom protokollförare.® 
Redan 1848 antogos tre extra elever vid institutet, ehuru någon 
regelbunden undervisning ej anordnades, men först dtm 24 oktober 
1849 anlände den första ordinarie elevkursen, då erforderliga un¬ 
dervisningslokaler och i viss utsträckning bostadsmöjligheter åstad¬ 
kommits.^ Den högre lantbruksundervisningcui vid Ultuna kunde 
taga sin början. 


Institutets alliiiäniia utveckling. 

Institutets verksamlnd. liåmmades av otillräckliga ekonomiska 
tillgångar. Som redan framhållits hade i v. Kramicrs motion klart 
uttalats, att anslag utöv(‘r egemiomeiis avlvastniiig vore erforder¬ 
liga, ehuru detta eiulasl fastslagits i inoliveringcii och icke fått någon 
plats i klämmen. Ujider kommdlcus arbcto framkastade lands- 
hovding(‘n ett forslagom <‘uskild subskrij>(ion i likhet nud vad fallet, 
ofta var med de olika lantbruksskolorna. Detta vann dock ic-ke 
gehör, »liufvudsakligtu pa (ien grund, att all sammanblandning af 
allmanna och enskildta. ang(‘lag(mh(der vore farlig, halst enskildte 
persoiu*rs ändock möjligen nog stora anspiuk ])å Institutet härigenom 
ytt(U’ligar(* skulh» stegras».^ 1 sitt betankandt» om institutets organi¬ 
sation framlade konimittini dels (dt st.atforslag, i vilket man endast 
j*aknade med redan b(‘vdjad(‘ anslag jamt(‘ (Egendomens avkastning, 
och dels (‘11 hemstalhin, att (*tl ytt(‘rligare anslag skulle utgå. m(‘d 
fyra tusen riksdaler, vilk(‘t också bifölls vid 1847—18 års riksdag. 
Anslag(‘ns u])p(‘nbara otillrackligliet, som for övrigt skarjit påtalad(‘S 
vid samtida lantbruksiiKiten, tvingade styr(‘lsen att betrada. (‘ii 
vansklig vag. Dess l(‘damot(‘r, som också personligen und(Tkastad(i 
sig (‘konomiska. ujijioffringar for att bis]>ringa institutet, lanade 
helt enkelt imdel mot borg(‘n. Vid följan(I(‘ riksdag 1850—51 hir- 
(lubblades statsanslaget från och m(‘d 1852. Härjämte b(^viljade 
Kungl. Majit. 1819 av besparadi* m(*del anslag för bland annat, ut- 
gift(‘r för byggnader, vilka stodo i sammanliang ni(*d institiit(*ts 
organisation. Gjorda ut gift (‘r for eg(‘n(lom(‘ns iståndsattning tack- 

^ S(‘ (look koinnuttons ])rotokoll IS inaj isr.*! § 2. 

Arrhomus liack' a\(‘ri tjänstgjort sorn s('krot<'nuv hos organisationskomrnit- 
ton, (lur han ott('rtrHtt prohvssor Klot \\ nlhjiiist Oin ArrluMims s(' frarntor allt 
Hartliol, .Johan Arrh(ainis (Kimgl. laridthruks-akadoinions handlingar ooh tidskrift 
7t>, iaS7 s. 117 -JL><)). 

Juhliii-Durmfolt a. a. s. 48. 

* Protokoll 18 inaj 184,3 §4. 
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tes j^enom förskott, vilka institutet ägde att återbetala, ocdi soni 
gäldades till fullo år 1860. Ehuru riksdagen ställde sig synnerligen 
välvillig mot institutets verksamhet, fann den sig doek föranlåten 
att godkänna ett uttalande om att styrcdsen ägde att rätta utgif¬ 
terna efter förefintliga anslag. 

Institutets prekära ekonomiska ställning belystes av förestånda¬ 
ren i en brosehyr.^ llär anmäld(\s Kinitom det- nyssnämnda f(irskot-tet 
av kronan en skuld på 4 000 riksdaler till en enskild person. Ltgif- 
terna för planerade nybyggnader och skuldernas betalning skulle 
gäldas med (gcuidomens ökade avkastning. Däremot förklarades 
ytterligare anslag erforderliga för und(‘rvisningens utbyggnad i 
stadg<‘enlig ordning jamte utgifter för ett bibliotek, en mod(‘llsam- 
ling och fysikaliska instrument, medan natiiraliesamlingarna skulh» 
kunna kompletteras utan yttiuäigare utgifter. Jlarvid hade man 
måhända i tanke den gåva av modelh^r och redskap, som tidigare 
erhållits fran husliällningssällskapet.^ Kall<yl(*rna grundade sig i 
icke ring*a mån på egendomens ökad(‘ avkastning. Vid arrendcM id(‘ns 
utgång Ixdann denna sig Indt naturligt, icke i bästa skick. l)(‘ vid¬ 
tagna, förbättringsåtgärderna kostad(‘ mycket (>(‘h kund(‘ ickc* omedel¬ 
bart lämna, önskat resultat, lleräkningarnas vansklighet framgick 
av styrelsens påpekande, att anslaget till J)eg(4)(Tg (uulast utgick i 
reda pengar och alltsa. var o])eroende av missväxt. 

Institutet inrymdes till (‘n början Indt i kungsladugär(I(*ns huvud¬ 
byggnad, som om- o(‘h tillbyggts för d(‘tta. andamal. K(‘dan i 
sejitember 1850 begardi» st.yrelsim ett extra anslag for u])]>foran(le av 
ladiigards- och m<\j<Tibyggnad, vilket dock birst bifölls vid 1858—51 
års riksdag, sedan en valdsam storm j)å ett handgripligt sätt adaga- 
lagt nödvändigheten. 1858 u])pfönb*s (»n byggnad med anatomisal 
o^*h pre])ara.tionsrum, som dock revs redan 18(>S. 1850 gjorde styrel¬ 
sen framställning om anslag till (*lev- och larlingsbyggnader samt stall 
o(,ii larhus. 1850—60 ars 7'iks<lag beviljade do(*k (‘ndast anslag till 
lärlingsbyggnad och farhus, vilka, ansagos i iVirsta hand böra ifraga- 
komma. Vid följande riksdag beviljtides anslag till (4(*v- och st a 11- 
byggTiad. Samtidigt erhölls anslag för utbyggnad av Kungsängens 
gård. Klevbyggnadtm eller lär(>verksbyggnad(*n u])pfordes 1861 — 
72 och bl(»v instituteds st.orsta byggnadsföretag. Ded förhällande*\is 
stemi anslaged. for elevbyggnael, 100 000 rikselaleT, te)gs av styrelsen 
(ledvis i anspråk tor anelra utgiften*. Härtill kom att egendomens av¬ 
kastning edt.e^r 1868 var jämförelsevis läg. De4 emlinarie anslagets 
förhöjning 1867 till 16 000 riksdaler kunde ej åstaelkemima någon 
väsenitlig lättnael. Kungl. Majd haele i oveTemsstammedse me*d sty- 
redsenis förslag begärt en höjning till 18 000 riksdaler, men riksdagen 
beviljades elet iiedpruta.de anslaget mexi hänvisning till att egendo- 

^ J*roTiif*rn()ria rörande Ultuiia laiHhbruks-mrttitut (1S.^)I). 

2 lT])Mala laiLs Kongl. Ijushällnings-sallskaps liaiidlingar, Jl. ,31 (1849) k. 1.39 t'f. 
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men borde ge», ökad avkastning. Styrelsen nödgades 1871 anmala de 
ekonomiska svårigheterna. Mn hemställan om att få upptaga ett^ 
lån å 50 000 riksdah^r bifölls. Följderna härav visade sig snart. 
Eedan 1873 anhöll styrelsen om ett engångsanslag å 80 000 kronor 
för att kunna Ixdria sig från den rånledragande skulden, vilk(4 under 
klandrandet uttalanden oe^ksa beviljades. Följande år luijdes det 
ordinarie anslaget till 20 000 riksdaler. Hiksdagens revisoreT, som 
redan haft sin uppmärksamhet riktad på institutet, framförde up])- 
re^pade gånger sina betänkligheter, varför styrelsen 1870 b(‘gårde, 
att en kommitté skulh' tillsättas for undersökning. Aven riksdagen 
gjorde en hemställan härom. Korslaget bifölls av Kungl. Maj:t 
1877. 

Kommittén, som utförde sitt arbide redan und(‘r samma år, fram- 
hule ett utlåtande, som i flera hänseenden bh^v av stor Ixdyddse för 
institutets fortsatta utveekling.i l>(*taiikaiKlet utjiiärkes av en 
grundlig utredning rornide inslitutets ekonomi o(*h en kritisk 
inställning gcmtemol statsniakt(*rnas politik men a ven ifråga om 
institutets sköt,sd. Fcirslagd paxrLade genomgrijiande ändringar 
av institutets organisation 

De sakkunniga underst röko inshlultds otillräckliga finansiella 
r('siirs(‘r men funno också, aM arighcKoaias orsaker mastc^ sokas 
»nti en mindre fullständig beräkning ofvei nödiga omkostnader för 
inslitut(‘ts organisation, emoitagamh* af <‘u storre» (»gendom, dess 
fors(M‘nd(* m(*d d(‘h is nya och forandrad(‘ bygnad(‘r, fullständiga 
inventarier o. s. v.». Styrelsens evimtudla forlioppningar pa egem- 
ilonuMis (ikade avkastning forklaradiss »mahanda» vara. ett misstag. 
Med ty<llii» kritisk u<ld uttahnh* <h* sakkunniga, att dylika förhop])- 
ningar i('k(* kunna infrias, om ick«‘ tid ocli jiengar finnas, dord¬ 
brukets skotsid erliöll ou inga(*nd<* kritik, suin o<*ksa drabbade jiro- 
dukternas aiivanda,nd(‘ ocli braiislealgangim. Ktt betydelsdullt 
moment i kritiktai gällde sainnianblandning(‘n av institutds och 
egcaidoimais rak(‘nskap(‘i‘. 

Kor att rada bot ])a nHssforhallaiHl(‘na bireslogs alt, institutets 
dnd med vet,(*nskaplig skolning och titeln r(*ktor skulle befrias från 
<‘g(‘ndom(Mis skötsel, som skulle anfört ros en intcnidtait. J)(‘t ansågs 
uteslut(‘t att atminstom^ i normala, fall erhålla vn ]>erson, som kunde 
m(‘dhiniia alla ifragakonimamh‘ talrika o(di olikartade^ arlxdsu})])- 
gifter. intendenten skulle* bedrias fran all annan uneleTvisnings- 
skylelighet. an elen i jeirelbrukslara Ibr larlingarna. Korslaget innebar, 
att dem jnaktiska. unele*rvisningem fe>r ele‘\e‘rna skulle* u])phöra eller 
i varje* tall minskas till ett hiinirnum. 

Institutets styivlse vande sig be*stamt meit forslage*t enn e*tt å1- 
skiljanele a,v institute*t och e*ge*ude)men, främst im*d hanvisning till 

' Ihidcrdanip:! bplankundc at (!<• iitaf Kougl. Maj;t ft)ri)rilnadc konntt‘rad(' for 
ven-kstallando al‘ undersoknijit^ roraiuk^ ftjrvaltiiin^oii o(*}j liusluillrim^cn vid l'l- 
tmia. lamltliruks-iiistdut jcinto dornfver aCgilim niid('rda,niga ntlatnndcn (1S7.S). 
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undervisnin^^ens krav, vartill även lantbruksakademiens förvalt¬ 
ningskommitté anslöt sig. Kommitténs kritiska inställning till in¬ 
stitutets skötsel föranledde 1878 hela styrelsens avgång, frånsett 
ordföranden. Vid 1879 års riksdag föreslog Kungl. Maj:t en förhöj¬ 
ning av årsanslaget med 4 000 kronor, vilket doek ej vann riksda¬ 
gens bifall, då man räknade med ökad avkastning från (Egendomen. 
Däremot bifölls förslag om ett extra anslag på 14 000 kronor för in¬ 
köp av dragarc* och mjölkkor. 1886—87 uppfördes vn laboratorie¬ 
byggnad, vartill oekså anslag beviljats. 

1882 tillsattes en ny kommitté för lantbriiksnndervisningen, vil¬ 
ken 1884 avgav (dt utlåtande^, vilket anslöt sig till det tidigare 
betankandet. lnstitut(ds styr(ds(‘ hade nu o(‘-ksä börjat ändra åsikt 
om den förefintliga organisationens lämpligliet. Olägenheten av 
institiUt(*ts bundenhet vid egendomens växlande avkastning fram¬ 
stod klart, vartill kom 1880-talets fallande priser på jordbrukspro¬ 
dukter. Varken instituteds styrelse ell(‘r lantbruksakademiens för¬ 
valtningskommitté fråiigingo (loek dem tidigare ståndpunktem ifråga 
om sambandet mellan institutet oeh egendomen iikhI hänsyn till 
undervisningen. Styrelseai uttalade sig 1888 för ett särskiljande 
av instituteds oeh egendomenis (‘konomi. Förslag hårom framlades 
för 1889 års riksdag men avslogs, varpå hela styrelsen med undan¬ 
tag för ordföranden avgick. Dem nya styrelsen aeeeptvrade^ tanken 
på (dt åtskiljande* av instituted oeli e‘ge*ndomens förvaltning oeli 
ledning. Kungl. Majds forslag harom till 1891 ars riksdag bifölls. 

Institutets nya stadgar utfardad(‘S dem 11 oktober 1892 sasom gäl¬ 
lande fraii oeh med de*n 1 ii()ve*mber samma år. Bland de talrika 
stadgeändringarna voro d(‘ssa de emda av Jiiema geuiomgripande* 
natur. Som institutels anda mål fastslogs endast meddelande av 
»högre unde*rvisning i grunderna Ibr landthusliallningems ut ofvande» 
(§1). Lärarna ålad(*s att utan emsättning åtaga sig undervisniiig 
vid dem lantbruksskola, som forlade*s till (‘gendomeui (§40 mom. h).‘^ 
Ele‘verna vid institutet skulle* om möjligt be*reMlas tillfälle »att und(*r 
vederbörande larar(‘s l(*dning laga kaniu*dom om liusliållningen 
jemval vid andra e*geiidoniar än dem, der instit ute*! ar be*lagt‘l» (§ 9). 
Unde'rvisningeii borde, »i de*n man sadant kan ske, bedrifvjis m(*d 
hänvisande* till landthushållningen vid den e‘g(*ndom, till hvilken 
institute*! blifvit forlagdt» (§ .ö). (ienom stadgeändring år 1904 be¬ 
stämdes att egendome*ns förvaltare e*nligt styi‘else*ns anvisning skulle 
för eleve*rna. re*dogöra för egendome*ns sked sel (§28). 

T samband me*d omorganisationeti leöjeles institutets årliga an¬ 
slag fran 20 (UtO till 49 000 kronor, llartill kon^ ett extra anslag på 

^ Vruku-dånigt brtankarulo angående organisationcMi af rikets landthrukslaro- 
verk (ISS4). 

- Kedogerelse for v(*rk.sainheten mU l'Ituna landtbniksjnstitut, ]andt})rnkM- 
skoJa oeh t'gorid<>iii J8a4 (tr. jsa.'») s. JI3 t. Från oeh med 1H93 lorehgga års- 
borattelscTna teyekta oeh lianvisas leko i varje särskilt fall till dessa. 
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24 475 kronor för byggnader, som bland annat användes till upp¬ 
förande av en nmseibyggnad, vilken färdigställdes 1895—96, oeh till 
vilken även ritsal och bibliotek^ förlädes, samt en lärarebostad. 
Elevavgifterna redovisades direkt till statsverket. 

Vid omorganisationens godkännande av riksdagen 1891 bemyndi¬ 
gades Kungl. Maj:t att under en tid av fem år vidtaga för den nya 
organisationen erforderliga jämkningar. Dock fingo ej avlönings- 
Ixdoppen överskridas. Vid slutet av denna öv(‘rgångsperiud hem¬ 
ställde styrelsen, att. adjunkternas löner skulle förbättras. Dessa 
tjänster hade 1891 betecknats som övergångsbefattningar till bättre 
avlönade poster, vilket styrelsen framhöll som i princip olämpligt. 
J praktiken hade dylik övergång visat sig svår att. ernå, varför sty- 
rels(‘n hemställde, att adjunktstjänsterna skulle förändras till lek¬ 
torat, och att lektorerna skulle för alderstillägg få tillgodoräkna 
sig tjänstg(‘)ririg som akademidocent eller likställas med lärare vid 
allmänt (41er t.(kniskt läroverk. Vid 1899 åis riksdag bifölls yrkandet 
så till vida, att. två adjunktsbefattningar iq^pflyttadcs. 1 samband 
hariniMl u])pfördes en ny lektorsbostad. Yrkandet om tjänsteärs- 
b(‘rakning(‘n bifölls vad lararna i de grundläggande ämnena bes¬ 
traffade. Ytterligare löneförbättringar genomfördes 1905. 1908 

b(‘\iljades 45 200 kronor for tillb>ggnad av kemiska laboratoriet, 
vilken fnllboreladiNS 1910. 1912 uppföides t.va nya lararbostader, 
till vilka, anslag (‘rhällits 1911. Sannna ar erhölls 60 000 kronor till 
u])pföraiide av en ny institntionsbyggnad för agronomi och botanik, 
vilken bl(‘v färdig 1915. 1921 färdigställdes en forsokshida. för in¬ 
stituteds och Sve‘i*ige\s utsäde^sföremings genneaisainnia behov, till 
vilken anslag eim samnianJagt 55 900 kronor euIiåJIits. Slutligen full- 
bordade*s .1924 en geniomgrifianele* ändring av den gamla larlings- 
byggnadeni till restaurangkikal for e*n kostnad av" 55 776: 58 kreinor 
oe*li 1926 ett inreelningsarbede feu bibliotekslokal i rektemsbyggnaden 
l>a 29 tno kreinor. 


Il lider visningen. 

Knligt 1816 ars stadgar angavs sase>ni instituteds upi)gif1 »att bi¬ 
bringa. (lenn som ded samma begagna, de kiinska])er, så i Iheorediskt, 
som i praktiskt hanseemde, bvilka enfordras l*e)redt baueltbruks ratta 
skötsel, ock ele^rigemenn gora denn skicklige, så val att. förvalta lanelt- 
egeme\e>nta,r, som att leela ocb ve^kstalla. de viel dem förefallande ar- 
bed.en» (§ 1). Se>m elever i med.sats till de nealan namnda larlingarna 
beteeknadess de, »som bevista Instituted, för att inhamta sava.1 ve¬ 
tenskaplig insigt i hvad till Lanlhushålliiirigeri hörer, semi vana och 
färdighet att handlagga alla eien-viel förefallande» arbed em» (§24). 

^ Bil)ln)tekoi var tidigart) mr>mt i laroverkabyggnatloii. 
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Soin inträdosfordriiifiiir för (deverna alt ha uppnatt 18 års 

ålder jämte »de förberedande kunskaja^r, liviJka Styrels(*n stadj^at 
vara erfordcnti^e for be^nif^nandet af undervisningen vid Institutet. 
Har den sökande ^^enoin^ätt godkänd Offi(*ers-, Landtniät(Ti- eller 
Student-lOxanuni, eller a-flagt sådane kunskapsprof inför annan 
Auk1orit(‘t, att de af Styrelsen kunna godkännas, anses hans 
exain(‘ns])(*tyg såsom fullgiltigl kunskapsbevis» (§ 26 mom. 2). Som 
erfordt‘rliga forkunskaper stadgade styrelsen insikter i matematik, 
naturalhistoria oeh modersmålet, vilkas omfattning kanske bäst- 
kanmdeeknas av att lärarkollegiet 1871 befriade de sökande från 
intrades])rov, vilka genomgått fem klasser vid allmänt larov<‘rk.^ 
Larlivfjar voro de, soiti avsågo att bliva »verkstallari*» av vid lant¬ 
bruket för(‘kommand(‘ arbeten (§11), ocdi som vistades vid institu¬ 
tet »(‘gentligen for at t der inhemta skieklighct oeli erfarenlnd i Landt - 
briiksarbeten, oeh hvilka genom d<t i sådant afseendt^ för d(‘m nöd¬ 
vändiga (bdtagandet uti alla Landtmanna-goromal, livarifran de 
iek(‘ fa sig undaiidragai, i betydlig mon godtgöra kostnad<‘n for sitt 
und<‘rliåll oeh sin undervisning» (§25). En väs(‘ntlig skillnad ifråga 
om larlingarnas undervisning gentemot (*h*verna8 var, att d(‘n förra. 
i(*k(‘ avsag inhämtandet av nagra vetenskapliga insikter. Som in- 
träilesfordran gälld(‘ för lärling att ha »fyllt 21 ar, ar arlxdstbr o('h 
lagt hand vid jordbruket, kan val lasa innantill oeh något skrifva 
(M‘h rakiia» (§ 26 mom. .S). Om lärling särskilt utmarkti» sig oeh 
ådagaladi* (‘rforderlig kompetens, kunde han med foretrådissratt 
up]>flyttas 1 el(*vklassen (§50).*^ 

Uedan 1866 beslöt institutets styrelse att antaga koskeitarelår- 
lingar för ])raktisk utbildning, men lM*slut(d syness ha re‘aliserats feust 
lSS;-5. Med omorganisationen anknöts elenna venksamhet till (‘g(*n- 
eleumn.^ 1615 övergick denna undenvisning till utbildningsknrs for 
hnlugardsförinan oeh benämndess ladugårdsskedareskola. 

i)e*n mena te‘or(*tiska undervisning, om vilkeai 1816 års stadgar 
träffade bestämmedseu* (§ 12) emifattaele» »agTone>niien», vilkeui ungedar 
nmtsvarade lantbrukskemi, allman jordbrukslara eiedi a axtodlings- 
lära. samt aiigs-, skogs- oedi trädgårdsskötsel. Som (mi forbeuedande 
kurs nämndes for de*ssa senare amnen allman botanik, växt f> siologi 
exdi vaxtgeMigrafi. Härtill kom beiskapsskotsed oedi »vedeniiiar». Desssa. 
sistnämnda, amnen ])rexdseraele\s narniare^ såsom allman zoologi, 
anatomi eadi fysiologi, »de friska, husdjurens vård exdi förädling», 

’ Juhlin Dannfclt a. a s. 5*1. \rrliotinis nioUtloIarlo {itt av apolo- 

skola inodlnrdo hofrudso från inträdesprov nmg. S(': Orn d(‘ nl landska landl- 
I)riiks-laroverkcn, samt en jemforelse einelUin <l('ssa ooli do svenska (Tidskrift for 
Jandtmanna- och komniunalekoiiorm 47, ISäl) s. 17 not. 

Se niirinare Jidilin Dannfelt a. a. s. 01 ff. 

Se \ idari ’1 Jnhlin Daiudelt. a. a. s 70 f. Kn r('dogorc‘lse for v('rksamheten 
larnnas i årshi'rattels(Tna forst fr. o. m. JS97, Se: Kedogorolsi' for v(*rksHinh(‘1 en 
Vid IdtuMH landthruksinstitut, larjdtliruksskola oeh c‘gendoiri år 1897 (fr. 1898) 
ö. 103 f. 
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veteririärmedi(‘in samt »de olika sätten att använda Ladugårdens 
afkastning». Slutligen nämndes »Landtmäteri, Lit- och byggnads¬ 
konst. ]k)khåll(‘ri och Kanieralistik» samt binäringar. 

1 1868 års reviderade stadgar återkommo i storl- sett samma, un¬ 
dervisningsämnen om o(*ksä in(‘d något modiTiiiserad nomenklatur 
(§16): lanthushållningens naturvetenskapliga grunder »såsom» fy¬ 
sik, kemi, geognosi, mineralogi, botanik, zoologi, anatomi och fy¬ 
siologi, »ocli böra föreläsningarna i allnianhet al‘s(‘ d(^ssa wetenska¬ 
pers tillämpning på landthushållningen oeh i möjligaste mån förenas 
m<Ml praktiskt åskådliggörand(^», jord bruk slara, husd j urssköt sel, 
forädling av ladugård(*ns ])rodukter, lantbrukets ekonomi, »inbe- 
grij)and(‘ dess ordnande och forwaltning, arbetiarnas underhåll i‘eli 
anwandande, hushalls}>lan, kreatursbesättning, waxtfoljd m. ni.», 
boklialleri, ekonomisk rattskunskap o(‘h kanieralistik, trädgårds¬ 
skötsel, skogshushållning, jiraktihk geonedri, m(‘kanik, linearteck- 
ning, allmän byggnadslara oeh grunderna för lantmannabyggna¬ 
ders anordnamh» samt binäringar. 

rnd(n\isnings])rogTammet r(‘aliseiad(‘s iJoi*k ej från början till 
fullo sa till vida, att nagra. föreläsningar i tradgardsskötsid före- 
kommo förrän 18t)l.^ l sambainl ined lantbrukskcunin imaldcdades 
(*n m\ <'k(‘t obety<llig undcTvisning i nndeorologi, nu*n Iran 1868 IVire- 
kom fysik iihmI iiudeorologi sasom v\i sarsJdit laroamiie. 1882 till¬ 
kom (‘11 kurs i ]»raktisk g(‘om(*lri. I88;i ni(*j(‘rilara. och 1887 fja.d(*r- 
faskots(‘l. 

Nagon m(*j(Tiund(‘rvisning syn(‘S (‘iidast i yt1(‘rst ringa utsträck¬ 
ning lia foivkonimit und(‘r aldr(‘ tid for var(‘ sig eh‘\(‘r (*ll(‘r larlingar.^ 
Ett synn(*rlig(*n undcuairdnat a.mm* \ar för d(‘ forstnaninda »de olika 
satt(*n att aiivanda Ladugardens afkastning» (§12 mom. .‘1:6). 
r>(‘h()\'et av und(‘rvisning i d(‘tta hans(‘(‘nd(‘ g)ord<‘ sig dock eftcn- 
hand gallainhg \arfoi* st>j(‘ls<‘ii i d(‘C(‘mb(*r 1856 uppdrog at (ui styrel- 
S(‘l(‘damot att eft(*rsoka vu nit‘jerikunnig p(*rson, som kuiid(‘ medd(‘la 
iind(‘rvisiimg.'^ l)(*t stott(‘ u[)p<‘nbarhg(‘n jia svårigh(‘t(u* att fih- 
^arva nagon fullgod kraft, som vilh» stanna, varför styiadsiui i mais 
1858 uttalade, att ing(‘n ordinarie (‘le\ skull(‘ fa antagas, forran dim 
da. vackta fragan om (*n m(‘jeriskola. a\gjorts. Däremot m(*dgav 
styrels(‘n, att (‘xtra ele\(*r kunde fa antagas, vilkid o(*kså. sk(‘dde.* 

* l’a gnilul ne iv\ ison^riias ainnnikning iiK‘fl(l('la(U‘S dock i .stvo‘lseTi ivdan 
aU- nnder\ isiiin^ i d('tta ainnc* »hdlstandij^arr» int‘ddclas och algarder tor 

laiijpliga vaxl('r.s odlaialo \jdlag.is. (la jiini 1 Sa,*! {5 7.) Se avcai Uhuiia landthruks- 
Jiist dills tidsknlt, arg. 2 (IS(>r)) s 224 om dcii imdcrvismiig, som la,mMad(*s av 
skolton Ctray, som mid(‘r eii tal xai knidoii tdl mstduli*!,, lor \ ilkeu e'tt särskilt 
slalsaiislag erhölls. S<' styrelsens protokoll 10 juni IS.")!) § IS, 10 se])t('mb(‘r J S57 § 7 
(stadslande) oeh 1.7 s<'p(i*inber IS.70 t} 7 (iippsugnnig, da statsanslagcd var slut). 
Jtr s. XX \v. 

2 Se [ArrlaainisJ, Faktiska upplysningar roramle d(*t hegarda anslagid, till la<ln- 
gårds- och inejenhyggnaii vid Idtnna laiaJllirnks-inst il nt (IS.>4). 

Styrelsens protokoll 1,7 iIih*. IS,7() 7. 

^ A. a. la jniu 1S57 § 0 oeh 1,7 mars 18aS 8 oeh 0. 
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På förslag av lantbruksakademien föreslog Kungl. Maj:t vid 1856— 
58 års riksdag att tvenne inejeriskolor skulle inrättas i riket, vilket 
bifölls. Enligt Kungl. brev av den 25 februari 1859 förlädes den ena 
till ITltuna. Undervisningen var ettårig och avsåg utbildandet av 
mejerskor. 1882 beslöts upprättandet av två högre inejeriskolor^ 
av vilka den ena förlädes till Ultuna från 1883, varvid den lägre 
mejeriskolan måste uj)phöra till följd av otillräckliga resurser. Den 
nya luigre mejeriskolan lyckades dock icke hävda sin ställning utan 
upphörde i samband med institutets omorganisation 1892.^ 

Kemiska laborationer förekommo, från början i synnerligen blyg¬ 
sam omfattning. De utvidgades eher hand, dä institutets resur¬ 
ser började medgiva det. Härtill kommo mjölkundersökningar. 
Ympning, plantering och omplantering av trädgårdsväxter samt 
skogstaxering förekommo också på und(U*visningsi)rogrammet men 
upphörde med institutets omorganisation 1892. Undervisningen 
omfattade även anatomiska dissektionej*. Kitning av redskap o(*h 
byggnader samt kartor ingick i undervisningcm men b(‘gränsades 
efter hand huvudsakligen till byggnadsritningar. Slutligen är att 
nämna övjiingar i fält matning och meteorologiska observationer. 
Fn annan form a.v undervisning utgjordes av ronder })å (»g(4idonien, 
botaniska och geologiska exkursioner samt stinliebesök på lant- 
(^g(mdoma,r i olika delar av landet. Förutom godkända tentamina har 
därjämte Iran institutets tillkomst fordrats u])prattandet av en be¬ 
skrivning med tillhörande »kulturplan» över en, tidigare m(\Hladels 
fing(n‘ad, sedermera av eleviai kand <‘gendom. Enligt- stadgarna 
skulle en offentlig avgångsexamen anstallas, vilk(‘n doek bl(‘v en 
formalitet, dä betyg(‘n allti<l fastställdes vid d(‘ särskilda del¬ 
tentamina. ^ 

Den praktiska undervisningen intog enligt 1846 års stadgar en 
framtriMiande jilats. Någon fordran låi föregående lantbrukspraktik 
förelåg (*j Indier för elevanna, vilkid däremot a ar fallet för larlingaiaia. 
I IHt)^ ars stadga bestämdes doek, att <le elever, som i övrigt voro 
jämställda, skulle aga. företräde, »som minst ett år allwarligen sys¬ 
selsatt sig med landtbruk» 32). Denna d(d av und(*rvisningen iit- 
gjord(' anda till dess avskaffande i samband med institut (ds omor¬ 
ganisation 1892 (dt stridsamne av härsta- ordningen. 

18t() års stadgar fastslogo: »Ilufvudsakligaste vigtiu lagg(‘S på 
jordbruket o(di hvad till d(dsamma. Injrer, så att binariugarm^ (‘j må 
uttranga nnxhnaiaringun, ieke heller hjeli)vetenskap(Tna upi)drifvas 
på lan(ltbruksv(d(‘nskap(uis Ixkostiunl. All uinbn-visiiing vid In¬ 
stitutet. har ett bestämdt jiraktiskt syfte, (xdi bör derföre på faltet 
eller å verkstad tillika, så vidt möjligt är, åskådliggöras» (§11). 
Eleverna, hade »att inhamta såväl vetenskaplig msigt i hvad till 
Landt hushållningen hörer, som vana oeh färdighet att handlägga 

^ Se iiarnuxro Jiiblin Dannfelt a. a. k. 0.'> ff. 

^ S(^ jiarinare Juljlin Daiiiifelt a. a. s. .'>4 ff. 
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alla der vid förefallande arbeten, i hvilket afseendc^ de äro pligtige 
att, efter meddelad föreskrift, öfva sig i verkställigheten af nämnda 
arbeten» (§ 24). Bestämmelserna synas doek ej ha iakttagits och för¬ 
anledde tidigt ålägganden från styrelsen.^ Senare föreståndares 
försök att åstadkomma ett mera aktivt deltagande vä(*kte stark op¬ 
position bland eleverna o(*h ledde till bittra oe-h för institutets an¬ 
seende betänkliga stridigheter. Det har meddelats, att de praktiska 
övnmgarna »åtminstone från 1870-talet, huvudsakligen bestod i den 
för varje elev obligatoriska grävningen av 15 famnars täekdikeii, — 
en skyldighet, som för övrigt under d(^ senare aren ej sä noga efter- 
hållits».^ Frågan upptogs av 1877 års kommitté, som föreslog slo¬ 
pandet av den praktiska deh‘n av un(iervisuingen. Den hänvisade 
till den bristfälliga kännedomen om lantbrukets ehnnent vid tiden 
för institutets tillkomst, vilket sedermera upphjälpts genom under¬ 
visningen vid de allt talrikare lantbruksskolorna, varigenom frågan 
om lantbruk<ds praktik fått en h(‘lt aiman innebord än tidigare. 
»Man afser dermed egentligen förmågan att ordna oeh leda det hela 
uti ett landtbruk», m(*(ian den praktiska <l(‘taljkannedomen om 
arbetsmomenten vore en bisak. Dc^n av kommittén åsyftade prak¬ 
tiska förmågan måste »sjcdfhirvärfvas aenoni aktgifvande uti detalj 
under en längre tid på skötseln ulaf val ordnade landtbruk 0 (*h till 
ieke ringa del genom egen sjelfståndig verksandnd».^ Körslaget väckte 
en bestämd opposition bade hos institutsstyrelsen oeh laiitbruksaka- 
demituis förvaltningskommitté, vilka energiskt underströko det 
praktiska detaljarbetets betydels(‘.^ 1882 års kommitté upptog 
do(‘k synpunkten oeh tillgodosåg behovet av kännedomen om prak¬ 
tiskt lantbruk gcuioin att föreslå detta såsom iritradesfordran.*^ 
Kommitténs synpunkter atergingo i väsentlig mån på d(*n kritik, 
som alltsedan 18(i0-tal(d framförts av den framstående tyske lant- 
brukskemisten J. v. Liebig, som liav<lade, att teori oeli jiraktik borde 
skiljas åt oeh att d(*n teoretiska undervisningen lämpligen bordt» 
anknytas till universiteten, (ui synpunkt som snart började gora sig 
gällande i Tyskland. Tnst it utsstyrelscni ansåg sig allt jamt böra, »])å 
det, ILfligaste afstyrka koniiténs forslag att från instituten förvisa 
all undervisning i landtmannapraktik oeh att sålunda förvandla 
instituten till utesluta-nde teoretiska läroanstalter». Den praktiska 
undervisningen skulle doek ieke enligt styrelsens mening bli annat, 
än valfri för elevi^rna.® Vid 1892 års omorganisation bortföll lant¬ 
bruk spraktiken som und(*rvisningsamne. 

’ Styrnlsons protokoll den 1/5 rlo^'••mhe^ IStiO 10. 

® Juhlin Dannfelt, 1 landtbrukets tjanst s. 234 f. (Lantbruksakademiens bib¬ 
liotek.) 

® Ibiderdanigt betankande . . . (1S7S) h. 35 f. 

« A. a. s. 7S f. 

* Undertlånigt betankande . . . (1HS4) s. 343. 

Underdåniga utlåtanden af landtbruks-akademiena forvaltniiigskomité, sty¬ 
relserna for rikets landtbruksmstitut samt Kongl. Maj:ts befallt»ingshafvande oeh 
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Genom 1892 års stadgar fast8lo^?s som inträdesfordran (§ 18) att 
den sökande under rninst ett år »allvarli^^t deltagit i de vid ett 
landtbruk förefallande göromål», ett krav som i praktiken do(jk ej 
helt beaktades.^ Dessutom krävdes av^?än^?sexamen från teknisk 
elementarskola eller genom^jång av sjätte klassen på reallinjen vid 
allmänt läroverk med minst betyj^et godkänd i modersmålet, mate¬ 
matik oeh naturvetenskap eller att vid inträdesexamen kunna 
styrka motsvarande kunskaper. 

Genom stad^^eändrin^ år 1900 tillkom som alternativ inträdes¬ 
fordran mofijenhetsexamen med minst b(dy^et godkänd i matematik 
oeh naturalhistoria. 1904 ändrades detta till genomgång av sjätte 
klassen vid läroverk med nyssnämndä betygskrav. Från fordran på 
deltiigandet i i>raktiskt. lantbruk kunde undantag beviljas den, som 
tjänstgjort som lantmäterielev eller som assistent vid vetenskaplig 
institution. 1912 utsträcktes fordran på lant.bruksprakt.ik till två 
år, varvid styrelsen helt allmänt bemyndigades att »i särskihla fall» 
gora undantag härifrån. Som inträdesfordran stadgades nu genom¬ 
gång av gymnasiets andra ring med minst betyget godkänd i moders¬ 
målet, matematik oeh biologi. Sotii kunskapsprov godkand(*s oekså 
realskoleexamen med minst betyget godkänd i modersmålet, tyska, 
geografi, matematik oeli naturlära. 

Undervisningsämnena indelades enligt 1892 års stadgar i tre ])rin- 
(åpicllt skilda grupj)er. Den första utgjorde» de »grundläggajide» 
ämnena, dit framför allt naturvetenskaperna hörde, vilka i den fort¬ 
satta undervisningen skulle tillampas. De u1gjord(‘S av ])raktisk 
matematik, mekanik, fysik oeh met(»orologi, kemi, g(»ologi, botanik, 
husdjurens anatomi oeh fysiologi, faltmatning oedi avvagning samt 
ritning. Som »huvudämnen» beteeknad(*s jordbrukslara, hiisdjurs- 
laia, mejerilara, maskin-, redskaps- oeh byggnadslara, »lantbrukets 
ekmiomi» oeh bokforing. Ilartill kommo slutligen »biumnena»: 
husdjurens sjukvårdslara, sk<»gshushå]lning, trädgårdsskötsel, mi- 
tionalekonomi, ekonomilagfarenhet oeh kommunalratt (§ »1). 

Gentemot den tidigare undervisningsplanen inn(*bar detta and¬ 
ringar a,v både formell oeh mera väsentlig art. Fn nyhet av mera for- 
nudl iKitur utgjorde ämnet, praktisk ma.t(‘matik. tJndervisningcui i 
imhanik, fysik oeh meteorologi blev avse vart utvidgad. 1882 års 
sakkunniga hade med skarpa understrukit fysikens stora betydelse 
o(*h t. o. m. hävdat, att d(*n borde beredas lika stor plats soin ke¬ 
min. Dess betyd(»ls(» för redskaps- oeh husbyggnadslära hade» sär¬ 
skilt framhållits.*^ Det e*entrala amnet kemi eirabbaeles ge»nom 1892 
års stadgar av en ie*ke ringa minskning med hansyn till antalet fen-e- 

husliållriinKssanskapen i lanon i uiiUdiiiii^ af sarskildn koiuitcrados den 29 inars 
1SS4 affiifiia Botankande angåi*nde or^iauiHatiori af rikets landtbrukslaroverk 
(18S(>) s. 52. 

^ 8e Juhlin Danrdelt, l landtbnikets tjanst s. 235 

* Underdånigt betänkande 1S84, s. 335. 
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läsningstiniTiiar. Donna minskning var dock till en del av formell 
natur. 1882 års sakkunniga hade föreslagit, alt ämnet agrikultur- 
kemi skulle avskiljas från den rena kemin och i stället samman¬ 
föras med de olika ämnen, vartill dess skilda delar närmast hörde. De 
sakkunniga hade också betonat, att laboration erna borde »inskrän¬ 
kas till hvad som är nödvändigt fcir att bibringa eleven en klar 
och lefvande uppfattning af det under föreläsningarna föredragna 
och icke afse att utbilda eleverna till laboranter. Den tid ar nämli¬ 
gen längesedan förgången, då dem åsigt kunde vinna förtroende^, 
att den praktiske landtinaiinem vid instituten bemle så utbildas, att 
han sje*lf skulle kunna föredaga. alla erfe)rd('rliga kemiska analyser.»^ 
Övriga ämne*n erhölle) praktiskt taget genomgåenele- éikat antal 
féireläsningstimrnar. Nya amne^n ^ore) biskéitsel, fiskoelling oedi 
natie)nale^konomi samt r(*elska])siära, vilked sistnämnda ifraga eun 
feiredäsningstimmar blott öveutraffade\s av kemi, botanik oeh je)rel- 
brukslara.^ (livetvis hade de)ck undeTvisidng ävem i de\ssa ämnen 
fore^kommit tidigare om oe*kså bledt i mindre utsträckning.^ 

l>e\stamme‘lse‘riia e)m unehmvisning.samnema undeTg-ingo em ded 
äTidringar, vilka elo(*k huvudsakligem ve>ro a,v feunudl natur. Drupp- 
melelningem lorsvann 1S99 exdi etsat t e‘' »neal em uppräkning. Ett 
nytt amne blev bakte^riologi, .som eiock forsi i årsberättelsen fe)r år 
ItlOö onlnamnel(^s i realogörelsem fe»r unebmvisningem, vilkem nuxldela- 
eh‘s av läraren i me\jerilarad Hnsdjurems sjukvardslara fiek i stallet 
bedexkiiingem husdjurens halse)- etch sjukvarelslara. h]n nyhed i 
stadgarna var »laraii om je)rds te)rrlagginng oedi be^vatIning», vari 
naturligtvis uiideuvisuing ävem tidigare me^ddelats. 1 ärsbemättelsem 
lor år 1898 upptages angsvattTdng undem je)rdbrukslaran e)ch vattem- 
avleHlidng unelem byggnadslaran. I fe)ljande beTattelse iipptagvs väg- 
oedt vattembyggiiadskonst jamte* avelikniiigslara. J^ii senare* bede*e*k- 
niiig är falt- e)ch vatte*nb>ggnaelslara e)ch slutligen e*ndasti faltbygg- 
naelslara. Änelringarna i 1912 års staelgar ve)ro aven ele av l'e)rmell 
natur. Lantbrukeds (‘k()ne)mi utbyt.te\s nie)t lantbrukse*konomi. 
maskin- eiedi revlskapslara. mot re^el skapsla ra, byggiiadslara mot 
liusbyggnadslära samt larau e)m jeirds torrläggning och bevattning 
mot kulturteknik.^ Lektorn i kemd och gvedogi, som enligt 1892 års 

’ A. a. S 

“ lOri tnh('llarisk janiUirclsci tniars hos .futihn t)aTiiitelt, Hidnigtill Uliinia laiult- 
bruksjnstituls liisturia s. .0(i, 

'* ()m iinderMSHifi^ i fiskodling fnni('s cn uppgift i XTlturia laiidtbruksinstitutK 
tidskrift årg. 2 (18(15) s. 224 t. 

'* Ihikt(»nologiska iindorsokningar. s ^ mi icko TTU^jonbaktoriologiska, ha dofk tidi¬ 
gare for(‘k()minit. S<* t.e\. om ett stpxMidiatarbete i arsherattelserna 1 S94 s. 35 ff., 
1S05 s. 40 ff. UiiderMstiing i ba,kt<*i lologi i samband med m<'jermmlervisnmgen 
omnamnos t. <*x. i 1’nderrattelser rörande Ultuna landtbruksinstitut (1894) s. 30 

^ Kiiltnrteknik, numera agronomisk bydrot<'knik, uren översättning av' Jxiiltur- 
t'i‘(‘bmk, en torkortmng Agnkiiltiirteidmik, som omfattade bådt' liydrot(‘knik, 
r(‘dskaps- oeh maskinteknik samt busbyggriadsteknik, medan dess svenska mot¬ 
svarighet, jordbruksteknik, narmast kommit att åsyfta rodskafjs- oeh maskinteknik. 
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Stadpir ålagts att undervisa i kemisk teknologi (§31), ålades med 
1912 års stadgar att undervisa i agrikulturkcini (§ 30), vilket ämne 
därmed återfick hemortsrätt på institutets schema. 

Htadgandena om undervisningsämnen kompletterades 1892 ge¬ 
nom en rad bestämmelser. Huruvida och i vilken utsträckning 
undervisning skulle få meddelas i andra ämnen hänvisades till 
Kungl. Majits prövning (§ 4). (lenerellt stadgades om undervis¬ 
ningen, att denna skulle bestå i föreläsningar, repetitioner, exkur¬ 
sioner och ronder på egendomen samt övningar (§ 6). Ifråga om 
undervisningens allmänna syfte förklarades, att den skulle med¬ 
delas x>å sådant sätt, »att derigenom en säker grund lågges för ele- 
vernes utbildning till kunnige och ski(*klige landt brukare, och skall 
dervid iakttagas, att grundläggande ämne varder fullständigt eller 
i väsentliga delar genomgånget, innan undervisningen i det (dier de 
motsvarande hutvudämncnui tager sin början» (§ 7). Bestämmelsen 
kunde på visst satt betraktas som im koinnumtar till stadgandet om 
institutets ändamål »att nu^ddela heigre undervisning i grunderna 
för landthushållningi^ns utöfvande» (§ 1).^ 

Dessa bestämmelser undergingo d(d förändringar, (huiom 
1900 års stadgeändring uteslötos r(‘petiti')n(‘rna och i stället till- 
kornmo uemonstrationer. Stadgandet om lämpliglnden att- taga 
kännedom om andra )ant(‘g(mdomar kompletterades med hänvis¬ 
ning till »industri(dla och andra inrättningar, som med jordbruk 
äga sajtiband». 1912 års stadgeändring inmdiar, förutom en omredige¬ 
ring, en konkretisi^ring av begreppet övningar, vilka i så stor ut¬ 
sträckning, som vore lämpligt, skulle utgöras av skriftliga uppgifter. 
De skulle vara obligatoriska i ämnena lantbruksekonomi, jonlbruks- 
o(di husdjurslara (§5). Ifråga om undervisningeais syfte skedde en 
hänvisning till institutets allmanna ändamal, som nu bestämts till 
meddeland(*t av »(mi på vetenskaplig forskning grundad undervis¬ 
ning i landtliushållning». 

(lenoin 1892 års stadgar infördes on niöjligliet till högre studiiu*.^ 
D(‘t inrättades två stipendier för utexaminerade* ek*ver, »som under 
sin vist(*lse vid institut(*t visat framstående flit- och skickligliet och 
som önska yt.t(‘rligar(* utbilda sig i något eller nagra af institutets 

' Vidare ålades förvaltaren av egendomen att varje vecka lamna uppgifter oin 
planerade och pågående arhc‘teri, arbetsåtgåiig och avkastning, vilka ujjpgifter 
elevwna hade att en gång i vi*ckan infora i en tryekt nnteekningsbok. Detta till- 
lämpades från o<*h iniU läsåret 189o/9(> och tillkom på lorslag av Jiihhn Danrifelt, 
instituteds forste r('ktor etter omorganisationen, vilken for sin del beklagade, att 
lararna genom omorganisationen leke längre hade den gamla kontakten med prak¬ 
tiskt lantbruk. S<3 1 landtbrukets tjanst s. 242 f., Sflpmund & Lagerstedt, IVn- 
ditionens ande talar . . . (194.0) s. 140 och årsbt'rattelson for år 1890 s. 10. Arbetfct 
harrru*d agde rum under ledning av lektorn i jordtirukslara. 

2 Förslag barom hade tidigt framställts. Se skrivelse av den II februari 'iHT? 
(bilaga till styrelsens protokoll den LO mars) och styrelsens protokoll den lO^rnnrs 
1881 § 18. 
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läroäiiiiKMi». ^(lipendierna fin^o åtnjutas uiidc^r t vå år (§ 24). Yt¬ 
terligare t vå elever för d(‘tta åndainål fin^o anta^^as, nnai d(*ssa er- 
hollo ej stipendier (§25). Dessa studier medförde iii^eii formell 
komp(dens oe-h blevo fö«a (dtersökta. (ienoni stadjj^c^andriii^^ ar 
1900 m<‘dKåv()S äv(‘ii från Alnarps lantbruksinstitut utevaminerade 
att söka dylika, stipendier. Med 1912 års stad^eandrin;^ u])|)li()rd(‘ 
dessa. bestammels(T. 

1912 inlbrdtvs luimli^^en en påby^-^nad till iindervisnin^’<ud i form av 
»en konsulentkurs, som ut^cires af en ])å a^ronomkiirsen by^^d fort¬ 
satt ninj^skurs, afsedd för utbildning af L msubmt.er, larare oeli andra, 
livilka onska förvarfva djn])are insikter i jordbruk eller husdjurs- 
skötsel» (§ 1). Inte heller denna kurs medförde nå^^mn formell kom- 
})etens. Sasom särskilt intrades villkor till (bmna kurs Jaslslo<>s av- 
^ån^sbetyju' fraii na^ot av lantbruksinstituten med k\alifie(‘ra<le 
b(‘ty^* (§ 15 mom. .S), Kursen omfattade ett år o(*li var upjxlelad på 
t va lin jer, »den ena fo’ (‘t rades\is tor ulbildnin^^ inom jordbruks- 
faek(*t och d(m andra, företrädesvis för utbildning inom husdjurs- 
facktå» (§2). Laroamnciia. ut^jortlcs av mekanik, a^»rikultiirfysik. 
a^^nakult urk(‘mi, lani hruksbotanik, oaklm iolo^i, jordbrukslara, lant- 
bri[ks(‘konomi, redskapslara, husbv;:<intKislara, kulturteknik, falt- 
m.itnin^4, avva^nin^j; 0 ('h ritnr.» s^nnt pnia;io»i»k for jordbriikslin)(‘ii. 
For husdjurslmJen uti;)ordes do a\ a.:;rjkuh urkemi, lanlbruksbota- 
mk, bakt(‘rioloj»i, joidbi ukslara, laiil bruks(4conomi, husdjurslara, 
mjolkhushallninjH’, husdjurtms h.ilso och sjukvårdslara, anatomi och 
f\siolo;;'i, husby^.ianadslara och pcda^o^ik (§3). Denna senare linje 
började först, under institutets s(*nar<‘ år att an vandas. 

Amn(\sb(*t(‘cknin^mrnas avMk(‘lsor ^^imtiunol aj^rononikursens voro 
ick(* stora. Fu nyh(‘t var a.i»Tikull urfysik. Endast första. ar(‘t s.yn(*s 
mi miiidrt* serie föreläsningar ha hållits i detta amne. kYir följande 
ar i(‘dovisas (‘udast b(*stauiuinj»<ir av ttmiperaturen i olika, jordla^zt^r, 
ar ltl21 utökade uumI b(*raknm,uar av orundvattcmstånd. Aj^rikul- 
turk(‘min hade metl 1912 ars stadgar atminhirts som undervis- 
niimsamne for h*ktorn i ktuni och o<M)looi^ vilket tidio-are nämnts. 
Lautbruksbotanikmi var en n> b(*t(*('knino i 1912 års stailoar för 
<m (b‘l av h*ktorns i botanik och zoolooi amiU‘sområde. Det defi- 
ni(aad(‘s som (‘konomisk växtkunskap, va.\tforadlino- oeh våxtsjuk¬ 
domar. Feda^io^iktm var (*tt ocmtemot aorunomkurstm nytilla^d 
amnt‘. Aimitå mej(‘rilara i aiiTonomkurstm ha(l(‘ (‘rsatts med det. ut¬ 
vidgade bt*iir(*p])(4 mjölkhiishallinm;. 

Samtidigt bestamd(‘s att ho^st två eU‘V(‘r skulle få åtnjut a iimler- 
visnino' for vinnandt* av b(*laii*ioh(*t till antaouino- som lantbruks- 
in^mnjorer (§ 13). 

^ Jnitjativ ('t linriill av' laiitl)riiksstyi('lHcn lau.*). Se IkXankandi' aii^åoncle 

utbildniriijcskiirsar for hlitvaialc lamltbnikslararo mod flora (|{HMf). (Kiksarkiv('t. 
Ur jordbruksd('|). liaiidiitig l.‘l, 1 191 1 punkl 3 — -1.) F(»r iia^jorikotisulonfor tanns 
d\lik forf bddmn^skiir.-^ vid Alnarj) s(‘dan 1S92. 

Ill 4S1()() /va/a// La}it\>r}ik'<hf'q,slnl(in\ Xnnahr Vol. IH 
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Lärartjänster. 

Enligt 1846 års stadf^ar skulle föreståndaren tillika vara ordinarie 
lärare i ett av huvudämnena »helst i A^rononiien» (§17 mom. 1), 
vilken tidijjare definierats som jordbrukets teoretiska grunder (§12 
mom. 1). Härtill kommo två ordinarh* larare, »hvilka företrädesvis 
skola meddela undervisning i ’Än^?s-, Sko^s- oeh lYädpirdsskötsel 
samt Boskapsskötsel oeh Veterinär» (§17 mom. 2). Till kamrerarens 
skyldi^^heter hörde undervisning^ i »Landtbruks-Bokhålleri» (§ 21 
mom. 7), vilket i 1868 års stad^ir bibehölls med förbehållet, »derest 
Styrelsen så finner lämplif^t» (§11 B mom. 8). 1 övrigt) skulle finnas 
extra ordinarie lärare »till det antal, Styrelsen pröfvar (Tforderli^t, 
afven med fästadt afseende på undervisninj^ i Binärinpir» (§17 
mom. 5). Lärare i lantbruk spraktik, »A^ricailtunm», var egendo¬ 
mens inspektor (§17 mom. 3). 

Dessa allmänna sta/dpinden kompletterades med olika bestämmel¬ 
ser. Om för(vståndaren ^jällde särskilda komix^tenskrav: »Direktö¬ 
ren bör, utom de för en (Und i allmanliet nödvändipi e^cuiskajx^r, 
e^a ^rundli^? oeh vetenskaplig? bildning? oeh insi.i?t, serd(d(\s i de d(dar 
af naturvetenskaperna, som aro j?rundvalen för Landthruk(‘ts ra¬ 
tionella behandlinj?', och jemte kännedom af dess ut veeklnif? afven 
i främmande länder, hafva praktiskt studerat oeh ef»nat si^’ åt det 
Svenska Landtbruket.» Han skulle vara bosatt ])å Ultuna oeh i tur 
med övri^?a larare deltaga i larjun^arnas måltider (§ 18). Jfrå^a om 
övn^a lärare sta(i^ad(‘S inpi formlipi kompetenskrav. Även de 
skulle vara bosatta på ITltuna »för att af vem utom larotijnmarne, 
^enom sanital, råd oeii upplysningar, soka reda Lärjun^mrnas b(‘- 
^?repp oeh väcka deras intresse» (§19 mom. 5). Inspedxtoren ålå^;' 
förutom den praktiska undervisnin^?en i vanlig? iiKaiin^^ att ni(*ddela 
övning »i upii^örande» af kultur- oeh arbetsförsla^'* till em e<?(*ndonis 
behöripi skötamle» (§26 mom. 1). Jfrå^m om d(‘ extra ordinarie 
lararna förelåg inj?en skyldighet att vara bosatt på IJltuna utan 
räckte det med U])psala eller institutets j?rannskap (§22). 

Stadi?arna8 Ix^stammelser om laroämmmas fördednin^* ])a d(‘ olika, 
lärartjänsterna iaktto^?os alltifrån institutets uj)prattand(‘ ej i alla 
avseenden.^ Ansla^^s8våri^dleterna■ mxlvandi^^^jorde, att de (‘xtra 
lärarnas antal for så vitt möjlij?t inskränktes, varvid d(‘ ö\ripi or¬ 
dinarie påto^m si^? undervisning^ i ämnen, som elj(‘st, skulle omhän- 
derhafts av extra, larare, varvid det bör märkas, att, fön^ståiidarens 
st,adKeenli^?a undervisningsämne uppdelades, varjämte denne be¬ 
fattningshavares bostadsförmåner utökades.^ Föreståndarens hu¬ 
vudämne, enlit?t stadgarna a^ronomi elhn* jordbrukeds temretiska 

^ IX* nedan nämnda amncHfordolnmgarim synas knappast fullt stod i stad¬ 
garnas bestämmelser, att forelasmngariia skulle hållas av lararna »efter d('n fur- 
delning af desamma, som styrelsen finnc'r tjenlig» (§ 12). 

2 Se Styrels('ris protokoll 4 nov. 1840 § 0. 
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grunder, i praktiken vanligen henänini agronorni och allmän laiit- 
hushållningslära, sedermera jordbrukslära, utökades från början 
med ängsskötsel. Föreståndaren åtog sig också undervisningen i 
botanik, i vilket ämne do(^k en biträdande lärare anställdes, som 
handhade exkursioner, medan föresiåndaren svarade för den teo¬ 
retiska delen av ämnet. Dessutom övertog föreståndaren också den 
teoretiska undervisningen i skogsskötsel. 18Öli anställdes en lärare 
i praktisk skogshushållning. L trädgårdsskötsel meddelad(‘S till en 
början ingen undervisning, varigenom hela amm^sornrådet ängs-, 
skogs- o(*h trädgårdsskötsel jamte botanik icke behövde taga i an¬ 
språk den ena av de båda ordinarie lararbefattningarna, som enligt 
stadgarna var avsedd härför. Jlårigcaiom kunde en ordinarie lärar- 
befattning r(‘scrveras for agrikultiirkemi och geognosi, vilka ämnen 
alltså utbröt.os ur föreståndarens nndervisningvskyldighet. Den 
andre onlinari(‘ lararen fi(*k bestrida, undervisningen i »Boskaps¬ 
skötsel och Veterinär», som vanligen fick Jicta »zoologi, boskaps¬ 
skötsel och veterinär». ^Styrelsen gjorde luirvidlag doi ut talandet, 
att, iiimdiavaren borde »visa sig aga si>eeiel och fullständig kännedom 
i färsköts(dn, och h\ad di( hörer, såsom ullens bonilering och sorte¬ 
ring m. m. hvari han afven vio lushtutet borde lemna undervis¬ 
ning».^ Vad biammnia betiäffar Tivmlog loreståndaren kamera- 
listikeu och insjiektoren 4alts u]»pmali!ing, nivellering och linear- 
teekniiig», vilket svaradt^ mot stadgarnas »Landtmateri, Hit- och 
Bvggnadskonst». 

Undervisningen i agrikulturkiani och geognosi utsträcktes 1851 
1 samband med en nytillsattning alt, aven omfatta fysik. 1852 till¬ 
kom en bitra-dande la rare i skogshushållning, som 1804 övertog hela 
amiiel samt 1805 ritning och laiitmatcri. Härtill lades samma år 
trädgårdsskötsel.^ 18(13 aiistalhhvs sarskilda lärare i bot.anik o(di i 
kameralistik. 1801 tillkom ämmd byggnadskonst, vari undervis¬ 
ning meddelades av föreslandareii. 1808 ovcTflyttades zoologien till 
lararen i botanik, varjamte vu larare anställdes i husdjursskötsel, 
som också fi(‘k ovt^rtaga. växtodling från föreståndaren. Samma 
år anställdes en särskild lärare i fysik. 1883 infördes ämnet mejeri- 
lara, som U[>f)drogs ät läraren i husdjursskiitsel, varvhl hans ämne 
växtodling återfördes till forestandariui, som i stallet 1880 befriades 
från byggnadslaran, vari en extra larare anställdes. 

(ienom 1892 års omorganisation infördes lårarbetockiiingarna 
lektor, adjunkt, ()(*h extra, larare. Lektorerna, av vilka eii forordnades 


^ Se Styrolnens protokoll 10 juli 1S47 § 7. 

- I styrelson tuinmld<'K 15 juni ISoIl, ati revisorernti anmarkt på hnsten på im- 
flervisiiing i trädgårdsskötsel, trad])laiitering oeli odlaiidt» av»^ medicinalväxter, var¬ 
vid ordfonind('n ujipdrogs att ettorhora en passantlo person (Ij 7). 1S77 års kom- 

mitt*' gjor(te en anrnarkrnng orn trädgårdsskötsel, vilki^t töranli^ddo ett genmalo 
från styrelsen. Se Undenlånigt hotankaride . . . s. 77. Jfr s. xxvu. 

® Se oni det nu antorda Jiihlin Daniilelt a. a. s. 41 ff. 
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till reaktor, voro fyra liksom adjunktorna, nuMlan de extra "ärarna 
skulle vara tre cmligt 1892 ars stadjjjar (§28). En lektor företrädde 
jordbrukslära oeli hade oeksä att handh^da eleverna vid kultur- 
planernas upptijörande (§ 29), den andre husdjurslara (§ 80), varvid 
ar att märka, att en adjunkt ur ^älldi^ husdjurens anatomi, fysiolog;! 
och sjukvårdslara (§80), dem tredje kemi och ^e^olo^i (§81), vilkem i 
kemiundemvisnin^en biträddes av adjunkten i kemi oeh mejerilära 
(§88), oeh den fjärden botanik, zoolojiji och trad^ärdsskötsed (§82). 
De äterstäemde adjunkterna undervisade d(ds i ])raktisk matematik, 
mekanik, fysik och meteorolo^^i (§84) oedi dels i redskaps- o(*h by^jj:- 
nadslara. samt faltmätnin^ o(*h ritninj^ (§85). Extra lärare fiinnos i 
skn^^slnishallninti:, bokförin^r och nationalekonomi med ekonomila#^'- 
farenhet^ och kommunalratt (§ 87). 

1899 förändrades adjunkturen i kemi och mej(‘rilära till (dt lek¬ 
torat i m(\jerilära och bakteriolo^^i samt kemii. Adjunktimm i ])rak- 
1-isk matematik, mekanik, fysik och meteorolo^:'i ombildad(‘S till ett 
lektorat i redskapslära, praktisk matematik, mekanik, fysik och 
met(‘()rolo^»i samt adjunkturen i redska})s- och by^^^nadslära samt 
fältmätiiiin^r 0 ('h ritning* till en adjunktur i byf’‘^‘na(lslara, laraii om 
jords torrlä^’:^ni]i^j: och bevattning;' samt falt mat nin.i; o<*h ritnin;;. 
1909 ars riksdag beviljade ett anslag för (m extra la rare i trad.i»ards- 
sköt-sel. 

1912 ske<lde <ui ytterlipire utökninj; av lärarpersonalen. Ad- 
junkturerna avskaffad(‘s, lektorcTuas antal höjdens till ätta odi extra, 
lärarnas till nio. Li^ktoratet i jordbrukslara andradens till jordbruks¬ 
lära och hintbriiksekonomi, vilket var (*n ändring av fornudl natur, 
dä undervisningen s(‘dan gammalt inkludcual »(‘konomi», »jord- 
bruksekonomi» eller »lantbruksekonomi», till vilked bland annat 
kulturplanernas upprättande Inmh». Trädi^ardsskots(dn ov(*rflyt- 
tades frän h*ktoratet (xdi uppdrogs ät en (^xtra larare. Av nait for- 
imdl natur var ändringen av lektoratet i re<lska]>slara, praktisk ma¬ 
tematik, mekanik, fysik och meteorologi till att omfatta f\sik och 
redskapslara. D(‘ i stallet for adjunkturtuaia nyinriittade lektorat (mi 
omfattad(‘ husbym^nadslara och kull urt(‘knik med faltma.tniiij; samt 
v(derinärlära. l)e nya extralararna bestredo und(‘rvisnin,u i trad- 
^ärdsskots(d, jordbrukslara, kemi, botanik o(di falt matning m. m. 
samt det nya. ämnet p(‘da^^()^ik. 

1918 ändrades lektoraten till professurer, varvid tjänsternas inne¬ 
havare utan ansökan uppflyttades. 

Ifrä^a om laTartjansternas tdlsattande inmdiöllo 1810 ars slad^iar 
blott bestammelsiui, att d(d tillkom styndscui att utse innehavar(‘ 
{§ 8 mom. 2). Redan 1801 finnes ett exemjxd pä att styrelsen for en 
lärarbefattnin^; upprättat (dt forsla^ imxl m» ])lats(‘r, varpå ut- 
nämninj; följde (dter luovföndäsiiinKar.^ (lenom 1808 ärs stad^n*- 

’ Styrdsens protokoll 15 april ISOl §.'5. 
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andriiiKHi*^ vilka väsentligen föranleddes av strävan att ästad- 
koinnia likformighet med best,ammels(‘rna for det nyligen upprät¬ 
tade lantbruksinstitutet vi<l Alnarp*, överflyttades utnämningen 
av feireståndare till Kungl. Maj:t. Samtidigt upprattades (*tt lärar¬ 
kollegium (§§ o(*.h 3), 1892 ersalt med ett lararräd (§§ 57—öO). 

Lektorerna utnamneles av Kungl. Maj:t, seelan styrelseai upprättat 
förshig och provförelasningar hållits. Övriga: larare» ante^geis av 
styrelse^n (§§43 ff.). (Umom 1904 års stadgeanelring bemyndigade^s 
styrelsen att för beele)mande av provfe)re‘lasningar tillkalla sakkun¬ 
niga (§15). Vid hddoralens omvandling till professurer 1918 femv 
skre^vs sakkunnigförfaranele (1918 års stadga §17). 


FörseJks verksamhet. 

Lnligt 1840 års stadgar skulle >dns1itute4 Iblja Landlbrukels iit- 
veM*kliiig e)ch framsle^g, afvaai i anelra laiideu*. sairn geaiom förseik i 
eleu mon, semi tillgångar e)e*ti e)friga fbrlndlaiiden nu‘dgifva, jröfva 
eieli tillam[)a hvael se)m for Sxesige* kan \ara an\ändbart» (§1). 
IJland inspeldeireais <»lika aliggainha) nåinnenss skyIdigheteni att 
»andanialseailigt skota Institnte*i< }•l'rnn<‘nlal-fal^> (§20 nieuti. 3). 
Le*dan i berattedse' lor 1819 50 ateu!U'iK‘s em re‘de)gore4se‘ for gjorela 
t‘orse)k [)a eletta.**^ 1850 tåste st\reåsede^danioteMi ])re)f(‘SSor Files, se)m 
fran början adagalade stojt intiesse* for deama fraga, uppinarksam- 
leleni pa »>nödvanelighe*!e*n oeåi be‘lie)f\ed- att fa Instituteds Kx])eri- 
meuitalfalt for franitideni ordnadt e)e*h i saelant skie*k att det matte 
kunna s\ara med sitt andamal e»eli leanini: tillfälle till fe)i‘se)k nie*el 
frösorter av edika sa<le‘sslag oeh fodeuxaxteu».*^ Soin e*n följd av eledta 
kan nialianda tolkas att den nannaste tdlsynem av e*\])erime*ntalfaltet. 
up[)dre)gs at skot t em (Jra> under \ ist elsen vid institutet."* Larareai i 
agrikulturkeani hael(‘ tidigt igangsatt gödslings- eiedi e)ellingsförsé)k, 
e>edi nieel ujijuatlanded a\ eleai iieMlan nainnda agrikulturkeaniskii 
forse)kss1a1 ioiHMi IStil redoMsa<le‘S forsekeai av deainas foreslanelaie. 
Lfter oniorganisationem 1892 ske‘dde‘ ehdta geaiom lektorn i je)rd- 
brukslara. 189(> geaiomfereleNS deai tbranelringeai, att fe)rse)kse)dlingar 
a instituteds försoksfalt skulle* utföras av en tjänste*nian, tillherig 
el(*n \ id l ltuna ujipratlade* filialeai av S\(‘rig(‘s ulsåeh\sfe)r(*ning, 
unde*r ove‘rins(‘en(h* a\ institute‘ts rekteu*. llartill keun e*n eiverens- 
ke)mni(ds(‘, varige*ne)ni nämnde* tjanste*inan bJ(‘V skylelig att, bereala 
institute*ts e*l(*ve*r eiedi stij)e*ndiater tillfälle* att de‘ltaga i fé)rsöke*n. 
Av årsbe^rattelse*n feir iir 1905 dt elönia syne‘s de)ek e‘n viss ferseks- 

‘ e) 7 n Alruirpsiust s<‘ stirskill Liuidt bruks- ocl» ni('jornnsl:ie iitot 

\i(l Al!iai*p samt Alnarj)S c^cfalDm im(lt'r tidoii 1S()2 l!M2 (tr. HM.H). 

- K()nc('|)t I J^aritbi uksli()g.sk<ilans labliotok. 

•* Se Styrelsens piolokoll deii (» oktolxa* isr»!) § S. Han neksji tidigare- 

skajikt ntsad(‘spr()V. Se arsb(‘iattelsen ISaO äl 

^ Årsberättelsen iSaT äS. 
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verksamhet ha kommit till stånd direkt frän institutets sidti. Detta 
år fick iitsädesfciroiiin^ens filial förläi^rga sitt ffirsöksområde till 
egendomens mark, varvid institutet återupptog försöksverksam¬ 
heten i egen regi. Den utvidgades 1910, då styrelsen också biföll en 
hemställan från ceutralanstalttm för försöks väsendet på jordbrukets 
område att förlagga en del husdjursförsök till Ultuiia, vilket med¬ 
givande 1914 utsträcktes till upplåtande av mark å egendomen, 
(xenom ett tillagg till institutets stadgar av år 1913 ålades instituts- 
styrelsen at,t årligen till styrelsen for centralanstulicm insända för¬ 
slag till plan för försöksverksamheten vid institutet oeli att vid 
dess uttöraiule taga hänsyn till det yttrande, som avgåv(\s av 
centralanstalt(*ns namnd. 

lnstitut(*ls styrelse framhävde vid flera, tilllalleii fiirsöksverksam¬ 
hetens ringa omfattning. Försöken voro »afsedda för elev(*rnas ut¬ 
bildning o(ih såsom demonstrationsmaterial vid umh^rvisningen».^ 

Oemnn 1H59—00 års riksdags beslut inrättades vid institutet, vn 
agrikulturkernisk försöksanstalt, vars forc^ståndarc^ blev lararcai i 
agrikulturk(‘mi. Jbiii erliöll ävcm ett biträde, som från ISOS blev 
lära-re vid institutet i oorganisk ehniKuitarkemi. Anstalt(Uis verk¬ 
samhet började ISOl. Dess anslag voro syniHTligen otillräckliga, 
varför styrelsen 1S78 begärde en mindre höjning, vilket d()(‘k av¬ 
styrktes a.v lantbruksakad(‘miens förvaltningsutskott nunl lian vis¬ 
ning till att de lokala kemiska stationerna åtnjöto anslag från r(‘spek- 
tiv(^ husliållningssallskap, A^areiter framställningen avslogs. Akade¬ 
miens ställningstagande har med fog betecknats som egendomligt, 
då de lokala st«ition(*rnas karaktar måste ans(\s ha varit skiljaktig 
fran den agrikulturkemiska stationen vid Idtuna, vilkiai i likliet nnal 
akademiens egtm försöksanstalt Aaire avsedd for liela rik(‘t m(‘d mera 
vetenskaplig verksamhet som uppgift. U])i)sa.la. lans liushallnings- 
sållskap avslog oeksa (*n framställning om bidrag m(‘d hanvisning 
till nyssnämnda, förhållande, men då styrelscai förnyade sin begäran 
bifölls denna. Ett mindre bidrag, som skulle aiiA^andas till för länets 
jordbruk nyttiga undersökningar, utgick fran 1<S82. Arbetiö vid 
stationen synes liuAmdsakligtui lia utgjorts a.v mot betalning ut¬ 
förda. arbeten, vilka någon gång lagts till grund för mera vetcm- 
ska])lig,t. undersökningar. Sådana, igångsattes även i någon man 
från anstaltens sida. Arbetet bestod väsentligen i analyser av jord¬ 
arter, fodermedel och gödselmedel. I samband med institut (ds om¬ 
organisation u])ph()rde anstalUui 1891 V(Tksa.mh(den synes ha fort¬ 
satt eiivr ungefär samma, riktlinjer som tidigare*- vid institutets 

^ Slyr(’ilsena protokoll 20 november 1014 §5. J-iiknande i ökrivolsofor- 

slag 29 npril 1927 (protokollsbilaga). 

^ So for ovrigt. .luhliri Dannlell. a. a. s. 77 tf. Jordprovor från olika delar av 
landet undersöktes for ovrigt redan under institut(‘ts lorsta tid vid iless kemiska 
laboratorium. vSe t. ex. årsberättelsen IS50/.51, Tidskrift for landtmanna- oeh 
kommunalekonomi 1850 s. 200 oeh Upsala lans Kongl. hushållnirigs-sallskaps 
handlingar, h. 34, 1852 s. 5 f. 
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keiniska laboratorium. En nyliot var, att. ä.v(‘n in(‘jerikemin bör- 
ja.(le ui)j)märksammas. 

1874 föreslog lantbruksakad(^niieri att redskapsprovniiigur skulle 
anordnas vid Ultuna, och sada.na igångsattes också följande år.^ 
Dessa upphörde dock 1880, då de ej omfattades iikmI något, större 
intresse, Jhdiovet tillgodosågs i någoji mån av provningarna vid de 
allmånna lantbriiksmötena. Ett forslag om en provningsanstalts 
iippråttande vid Ultuna- ])if()lls 1895 av riksdagen, som dock ej be¬ 
viljade några som helst, anslag, varvid aktiebolagcd, Separator stålide 
erforderliga, medel till förfogande 1890, vilkas mottagande*- god¬ 
kändes av Kungl. Majrt. Urovningsanstaltens v(*rksamhet tog sin 
början 1898.-* 


(iverhiseende oeh slyrelsev 

1841 års koTnniiIté förc^slog, att instituted skulle* Idas av e*n sty¬ 
relse, seun skulle* vara elire^kt unde‘istalld Kungl. AIaj:t. Feirslage*!/* 


Teckenförklaring tiil karlaa. 

I A(iininistrfn »vlitov-l.s S. xxii, \xv 

'2 I{ostaurant«, taligan* lat^'i;r)aö ' \!i kxv. 
a. mi)li<)tt*kshygj;rai(l('ii, iinproiO pa jninla plats S. xvii, l.vi. 

4 X\.i irist i( ut i(»nsbyjjL'iia(lvji S. i i\ 1. 

R('s(aur<nit- orli kail>vg: 4 ria<l, iiiid t upploi.uak' ])a ^^ainla miiKiahy^giuKlans 
plats S x\\, i.\ I. 

ek (lauila iiisi it ut loushygijiuidun, lidigart' vauligaa Kalltid iar()V('rI<s- ('ll(‘r ('lav- 
l)Vtfguad(Mi. S WTI 

7. I lydi’otclvuisk,i iii.st Jtuli()iu*ii, tuli^iin' iiistit ut i<)usl)\ tjtrjuKl ior aLifunorii' ocli 
botanik. S xw. 

5 \’a\t lysiologiska inst it ut lonaii, taiitJ:.ir<‘ l'<‘?iuskt labortd tn lum. S X-\i\, xxv. 
k IKgmiJeö loi* (‘\t('imrlara jn iii. S i\i 

10. h.irailaistador. S. xxv. 

11. Statens jordbiiikslorsttU Doss.i b\ji^iualei* tillhordo tuli^tut' Svonska vall- 
oali inosskult urlonMiingcn S lA n. 

1‘J Md<robit)l(>giska institutionen (und<M' n])pt(*rJind(')- i. 

13. M.iskinteknisku institutionen oeb jordbruki-ti^knisk.i, inst-it ut(‘l. S. J.vi. 

14. Forsoksmstitut utniM* for statens busiijurslorsok. S. l\i. 
lo. Forsokslada. S. xxn . 

Itk Hotanisk-g('netiska institutionen S. ]A’i. 

17. Svjilotstilialen S. x\x\ri. 

15. St atons inaskinjirovunmar. S. nvi 
10. Fltunti lantbruksskola. S. xxi\ 

fJlr Julilm l)annt«'lt a a s. 1 19 tt . dar (‘ii byggnadsbistonsk ()Vf*rsiki lanirias. 
^ Julilin Danntelt- a a. s. lM>. 

- A. a. s. SO fl. Se oeksa Staten.s injiskin])roviungar IS97 1949. Fn kortfattad 
historisk ovx*r.sikt (1949). \'id institutet fanns ocksA. en slojdv^tukstad for tillverk¬ 
ning tiv lantbruksriMlskap, som l)orja<le sin verksainbet 1S49 So .lubbii l)annf(‘lt 
a. a. s. S2 f I samband harnanl rnoddtdados ooksa iindorvisriing. So t. ox. års- 
b('rattols(*n l S49/.'‘)0. 

** Avtryokt i Fpsida lans Kongl. Itindtliushållnings-sallskajts luindlingar, h. 20 
(1845) K. 30 ff. 
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kritiöerii(i(‘S i dettn hänseende av lantbruksakademien, som anså^r, 
att en mellaninstans borde föreli^J:^!:a^ Nå^^on ändriuf? skc^dde doek 
i(*ke vid stadfästandet av institutets stadf^ar, men ^^eiioin Kun^»!. 
brev av den 12 januari 1849 uppdrogs åt lantbruksakademiens för¬ 
valtningskommitté att ha överinseend(' oeh kontroll över lantbru¬ 
kets undervisnin^^sanstalter. Åt^i^ärden vallade oro hos instituteds 
styrelse*, som fann, att anordninp^en kunde meelföra, att »det veu'e fara. 
värdt att/ den e‘n]iet skulle komma at-t feirsvinna som e)und^]:an^’liji:en 
fordrades för lnstitute*ts fram^^än^i: oeh framtida be*ständ». Med an- 
leelninjj: härav anhöll ordföranden e)m ett uttalande réirande den nya 
bestämmelsens tillämpnin^j: ifrii^a om instituted.. Till svar meddela- 
eles, att den bedo^^euhet, som ui)peiraKits åt laiilbruksakademiens 
förvaltninj;ske)mmitté »ie*ke har afsennele ])å eie annu åte*rståenele 
åt/plrelerna fen* Ultuiia Landtbruks-Tnstituts at en senskilt af Kon^»!. 
Majt fémmlnad ^Styrelse anförtrodde e)r^j:anisatie)n, edlen eiernie*el 
uneler tielen stående finaiiededla feirvaltnin^».- rttalaneled temle* böra 
tolkas så, att instituteds åt^^arden bedraffanele* institutets primära 
e)r^?anisatie)n skulle reelovisas dire*kt till Kiin^d. MaJ:t, meMlan eleu i 
övri^jt. oeh feir framtielen vene* unelerställel lantbruks.akademieuis för- 
valtnin^jskommit té. 1 lantbriiksakaelemieuis forvalt nin^skeunmit t ess 
benättedse för år 1849 anmäleles, att keunniil.téu »ie*ke* ar i tillfälle* 
af^^iva nå^on benättelse om Landtbruks-Instituted/ på Ultuna, från 
hvilked- hon, oaktadt/ de*re)m j»jorel påminne*lse, e*j e‘rhållit na^ra. U])p- 
^^ifter rörande* dess ve*rksamhet unele*!* förlidet ar. Nå^‘e)n elylik be*- 
rättedse från Ke)mite‘en syne*s e)e‘k så mye‘ked mindre* vara af behe)f- 
ve*t pakallad, som llr Stats-lLide*t sje*lft besökt dedta Institut oeli 
funnit förhållunei(*t ele‘rstade*s tillfre‘elsstallanele»‘^ l följande» l>e*rat- 
telse hette* eled: »St,\re*lse‘n öfve*!* Llluna Laneltluuksinstitu1 lare‘r 
omedelbart till Ile*rr Stats-Ivåde‘t af^ifva sina beralledser.»^ Fore- 
ståndare*n, Arrhe*nius, me*elele*laele doe-k i deai av honeun utgivna 
Tidskrift fen landtmanna- oeh kemununaledoneunien 1859, att en 
avskrift av benattedseai, i vael elen rörde* unde*rvisnin^e‘n, sänts till 
fe)rvaltnin^>:ske)mmit/lén, me*n anmarkte*, att fenvallnin^»\ske)mmittén 
in^^enitiiiK i)ublie*e*rat häreun.'* I styre*lseni be‘sle)ts 1851, att berättel¬ 
sen till Kuu^j:!. Maj:t skulle i avskrift sandas till laiitbruksakaele*- 
mie*ns förvaltjiin^skommitte* »me*d ute*slutande af ele dedar, som eai- 
skildt reirele Instituteds orpinisatien».^^ Sede‘rme*ra syne‘s be*ratte*lsen 
ha sänts dire*kt till lantbruksakaele*mie*n, ehuru en avskrift oe*kså 


’ Statsrådets protokoll de'ii IS februari lS4(i p. tK ervil-dojrartiMrKMitet (Kiks- 
arkivet.) 

Styrelsens protokoll 15 mars 1849 §2. 

® llandlmgar rörande landtbruket oeh dess binäringar 9, 1849 s. 44. 

* A. a. K), 1850 s. 50. 

e)in Sveriges landtbruks-Iaroverk, oeh med dem likartade inratt ningar i andra 
lunder s. 190. 

® Styrelsens protokoll 3 jan. 1851 §0. 
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sändes till departementschefen.^ 1862 återfinnc^s en anmaning från 
lantbruksakademien med anhållan om förslag till ut giftsstat med 
åberopande av akademiens åliggande att inge äskande till Kungl. 
Maj:t om vad för institutet kunde anses beh()vligt.“ Muligt 1846 års 
stadgar skulle årsberättelsen insändas till Kungl. Majrt (§ 8 mom. 10), 
men 1868 fastslogs, att insändandet skulle ske genom akademiens 
förvaltningskommitté (§ 3 mom. i.). Kainnas kan ett fiirslag av 
lantbruksakademiens förvaltningskommitté på 187()-tabd., att åt 
den skulle uppdragas d(‘. åligganden, som ålåg(' lantbruksinstitutens 
styrelse, vilket doek ej föranledde någon åtgärd.^ 1800 övergick 
lantbruksakademiens Ixdattning iikmI institutet till den nyinrättades 
lant bruksstyrelseii. 

Mnligt 1846 ars stadgar uppdrogs i»])psikteii (m*]i förvaltningen åt 
v\\ styrelse på fem l(‘daniö1.er, utsedda av Kungl. J\Iaj:t bhind »ni¬ 
tiske och i Landtbruket kunnige man» (§ 2), i 1868 ars stadgar ändrat 
till »up])lyst(' och för lanothushållningens fraiuatskridande nitäls¬ 
kande man» (§ 2). Är 1802 blev formuleringen »fiamslående* och sak¬ 
kunnige landthushållare, idkare af med landtbruket i samband 
stjuaide vetenskaper eller i öfrigt feVr landthushållningen nitälskande 
man» (§61). 1018 inskots fore* ordet lilkare - uttr>cket »med under¬ 
visningsärenden förtrogna» (§ 63). Iiistit atets for(\ståndare var 
under tid(‘n 1868—1802 o<di fran 1008 sjah, skriven ledamot. 

Ordforamb^ har stadse vant lan<ishovding<‘n i lippsala lan. Naslan 
alltid har (ui professor vid rp])sa)a universitet varit in(*dlem av sty- 
r(*ls(m. Tre gånger ha j)rof(*ssorer i botanik varit l(‘daniö1(r, var¬ 
igenom (dt sainband m(‘d (U‘ii borgst römianska, professunm kommit, 
till stånd. Övriga jirofessoriu* ha r(‘piTsent(U‘at tysik, filosofi, g(M)logi 
oeh kemi. Ihi l(Mlamot var rantmastarc* vid univmrsitcdet. Den 
största gTup])en utgjord(‘ doek godsägare i Fjijisahi lan. Fhrtalet. 
av dem, som ieke varit jorda,gan' dar, har varit f. d. (d(‘V(‘r vid in- 
stitutid. Två IcMlamoter ha varit officerare vid rp})lands regenumte.^ 


TTI. Ilö^skolediskiissioneii. 

Någon exakt åtskillnad nudlaii begreppen institut oeh licigskohi 
kan i(*ke ans(\s foiadigga (uiligt svauiskt språkbruk. T)(d föreliggvr 
doek u])p(‘nbarligen en tendens till att reservera hogskoUmamnet 
till h()gre undervisningsanstalt(u*, som jamval ha. vettmskaplig 
forskning i stiirre utsträckning sitt jirogram. Annu i 1004 års 

^ A. a. 15 juni 1S()1 §4. 

2 StyrolHcns protokoll den 21 juni IH(}2 ])il. 3. 

So W^inborg a, n. s. 21 

^ Uppgittorna åt(-rtiiinaK i Mafrikt*! ovor st,yrolsoin('dloTnmar, larare och olever 
vid TJltuiui lanibruksinsiitut IS4S 1932 (tr. 1932) s. 1 fl. 
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ötadi^ar betecknades såsom Ultiina lantbruksinstituts ändamål 
meddelandet av »hö^re undervisninj*’ i laiidtlnisliållnin^?». Den 
ändring? som 1912 års stad^?ar inneburo i detta hänseende, kan be¬ 
traktas som ett försök att precisera innebörden i ordet »högre»: 
»lnstitut(»t har till andamål att meddela en på vetenskaplig forsk¬ 
ning grundad undervisning i landthushållniiig.» 

Diskussionen om en högskolemåssig undervisning och forskning 
på lantbruk(‘t-s område, som tidigare skymtat i olika sanimanliaiig^, 
tager sin utgångspunkt med ett utförligt och grundligt motiverat 
förslag av G. Leufvén, dåvarande sekreteraren i Malmöhus lans hus¬ 
hållningssällskap, 1909*-^. Lcuifvéns inlägg tog till utgångspunkt det 
förslag till fortbildningskurser, som framlagts av 1'ltuna lantbruks¬ 
instituts styrelse, och som realiserades med den konsulent ut bild¬ 
ning, vilken 1912 tog sin början vid instituted. Leufven framnöll, 
att institutets undervisning endast kunde kallas »högre» i förhål¬ 
lande Ull d(‘ lägre lantbruksskolornas, »llogre und(*rvisning förut¬ 
sätter grundligt inträngande uti amnena i foreMiing med vedeuiska])- 
ligt självstuelium, men den undervisning som nu^ddedas vhl institu¬ 
ten avsm* endast. meMldedamb» av grundlinj(‘rna i r(\s|)(‘ktiv(* ainmm i 
samband med prot)ed<ait.iska, kurseT.» Han i)ap<‘kad(‘ också, att in¬ 
stitutens larare ifråga om tited och löiudbrmaner voro janistallda 
med iarov(‘rkcns. Institutsundervisningens stravandem att tillgodose 
både de i)raktiska. lantbrukarnas utbildningskrav oedi d(‘ bediov. 
som forelågo lör sadana kategorien* se)!n lantbrukslarare^ e)edi ke)nsu- 
Umter, måste le*da till eni bedanklig elualism eadi iiined)ara eddenvsat- 
ta.nde* a v enideras kra v. IVIe*deIclande‘ a\ så val de*n nie‘i*a ])raktiska 
som elem me*ra vedeniskapliga unelervisningen ansåg LenifNedi ie*ke‘ 
kunele ges av instituteds larare‘. Sarskilela lararkrafte*r tor ele*n seniare 
skulle femuileMla a\skraed^anele* keistnaden*. lOtl lbrlagganele‘ av elemna 
heigie* uneie*rvisnmg t dl univen-siteteni a\böjeless meMl hansyn till faran 
fe>T att keuitakteni meMl lantbrukeds ]>raktik e)edi aktuedla frage*stall- 
ningar kunele* ga fe)rle)rael. 

De*n av Ije*ufve*n r(*ke)mme*nele‘raele le»sninge*n var U])])rattanded 
av e*n lantbrukshe)gske)la i Ste)e*khe)lm i narhe‘te‘n a\ e)edi i samband 
n‘e*ei lantbruksakaele*mie‘ns e*xf)e*rimentallält eadj e e*ntralanstalte*n. 
Detta skulle me)jligge)ra sjal\staneliga vete*nskaphga studier iinele*!* 

^ l)»'t kan nainiias, att hmUiu i UmtI> t uk.sakadoijiHais i‘iMniss\ar a\ dtai la no- 
\(‘riilM'r isaa anj^å(‘n(l(' Kraanars lorsla^ till Kiin^l Maj.t oni iii)|)rallandat av 
att lanl hl uksiMsl it iit 1(‘rnian ho^.sknla aii\ andas lOtt iorslag ain np])rat tanded a\ 
aii laiithruksliogskoki mad InhahallandH av insliliihMi Iraniladas I SSU mv \ \V. 

Luingman- Nagi“a uid oni landlImsliållningans hojandi» inom landtd ganom ior- 
tialtrad undarviMung. ISDT k)rasl»)go Alnarpsinst it utats larara, all dal la. mstitnt 
sknila lorandras till liogskol.i, man dal rord(‘ sig har\ idlag narmasl oin das'^ omor¬ 
ganisation Tit unas rnonstar. Se Udnharg a a s. 27. tai o\ arsd<t. o\'ar diskus- 

Sionaii har lamnals a\ Dslaigran, I Iaiitl)riiks}iogskol(‘liagan (ItlJo). 

“ \ ur liogra landthruksundiTvisiiing oah d(‘Ks ordnaiida. Svanska landtiiiamuais 
fonaungshla.d 191)1) s 1--o. 
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vederbörande avdelningsfiircsståiidares ledning. Samtidigt finge ut¬ 
bildningen en på lämpligt satt avpassad praktisk inriktning. J de 
vikt igaste lantbruksamn(‘na skulle professurer inrättas, medaji 
hjälpvetenska})erna skulk* företrädas av doeenter (‘Ik^r nv i St-oek- 
liolm vid andra högskolor tillgängliga lärarkrafter. Ilit skulh' den 
liögre skogs- oeh tradgärdsundervisningcm oeksä förlaggas jamte 
eventuellt lantmateriiindervisningen. Den myeket litet besökta 
högre mejeriskolan i Alnarj) skulle indragas. Studierna skulh^ av¬ 
slutas med en kandidat(‘\ajnen, avsedd för konsnh‘nt(*r oeli lant- 
brukslarare (»ller en högre examen, som berättigad(‘ till doktors- 
värdiglnden, for institut slarare, statskonsulenter, forsöksledare 
med flera. Härtill lade Lcaifvén kravet pä en sv(‘nsk lantbruks- 
V(*tenska])lig forskning, knuten till en hogskola. 

V'id 1909 års riksdag vaekt<*s i första kammareTi en motion 
angåeml(* begäran om ut redning oeh forslag rörande lantbrukshog- 
sk(>l(‘und(U‘visning. I\lotionarerna. voro Juhlin Daniihdt, lantbruks- 
akad<‘mi(‘ns s(‘lvr(‘t(‘ran‘ och lidigarc^ rc‘kt(e‘ hir ITltuna. lantbruks- 
inslilut, oeh 11i(*odor Ode lbc‘rg, ticligarc» jnrdbruksminist(*r. Syn- 
I)unkt(*rna voro till stor ded d(\samnia som Leufvchis. Alotionarerna 
framhavde särskilt olikheten ifråga ean mst itutssi uderandenas för¬ 
utsättningar, vilk(‘t måstc‘ m«‘df()ra, att cU* m(o*a vedcuiskapliga. stu- 
dicuaui i<*kc‘ i tillbörlig grad kunde tillgcMioses vid instituten. Det på- 
]>ekades, att lani bruksskolelararc* oeh konsulentcT iek(‘ fatt nagoii 
särskild utbildning utoveu* instnutcuis elevkurscu’, liksom att lant- 
bruksingenjcircTiias teond iska utbildning ic ke lielt kunnat, tillgodo- 
sc‘s vid iiistitutc‘ 11 . Kravc*n ])a ta^rsoneu* mc‘d vcdcuiskajilig skolning 
hade* okats. Ilart ill kom oc*ksa bc‘hovcd av sjalv ständig vetenska])- 
1ig forskning pa lantbrukets omradc*n i Svc‘rige. j)et kunde* (*j längre 
vara t illracd\ligt att blott försöka tillanipa i utlanchd. vunna forsk- 
niiigsrc‘sultat i Sverige*, vdlke*t i rc*ge*l varit falle*1. Motieuiareriia av¬ 
böjde* i liklie*! me*d ke*uf\e‘*n e*nbart e*n utbvggnad av institute*n oeh 
uttalade* sina syin])atie*r for e*n i Ste)e*kJiolm feulagd lantbrukshög- 
skola. 

Me)tione*n bifeills av riksdage*!! eiedi me*d aiile*dning harav tillsat¬ 
tes 1911 e*n kommitté* for fragans utre*dni]ig, vari duhlin Dannlelt 
var meelle*m. I)e*ss be*tankande* avgavs 191d.' 

De* sakkunniga avbedjde* taiike*n på e‘n utbvggnad av de* be‘ståenele 
hmt bruksinst it ute*!! me*d samma. argume‘]d som ovan anfeu ts. De* 
skulle* fortsatta ve*rksamhe*te*n uneleu’ råelanele forme*r. l)e*n av’ Itll! 
års rikseiag beslutade ])abyggnade*n i form av e*n ke)nsule*ntunelervis- 
ning fe)rklaraele*s vara. ett preiv i.Mirium i avvaktan ])a ed t slutgiltigt 
eirdnanele av ele*n hedgsta lantbruksunderv isninge*n. Man stallele* sig 

^ och forslit^j: iipprutlandet a\ tMi lHnll)ruks]jugskoI.i samt 

om Iantmatcnimdt'rvjsmng(‘ns (*vontiu'lla torlajiX^jfandt' till densamma. A\givet av 
sakkunnige tillkallade den 17 tehrimri IllI 1 a\ statsradid oeh elieten for K. jord- 
}irnksd('f)artem€‘ntet {1913) 
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också avvisande mot ett samordnande med centralanstaltens verk* 
samhet. Detta skulle medföra en omläg^^ning av dess arbete, som 
vor(i alltför betungande ur ekonomisk och praktisk synpunkt, var¬ 
jämte dess arbete huvudsakligen inriktats på praktisk försöksverk¬ 
samhet, medan andra lantbruks vetenskapliga forskningsmetoder 
endast i mindre utsträckning kommit till användning. Verksamheten 
vid en lantbrukshögskola måste visserligen i viss mån bliva likartad 
med centralanstaltens verksamhet, men detta kunde ej anses vara 
en olägenhet. De sakkunniga ville ej heller föreslå en samordning 
med redan befintlig högskola i Stockholni på angransaiub^ ämnes¬ 
områden, då de där upi)rättade högskolorna rcMlan utbyggts i större 
skala, varför en samordning skulle vålla svårigheter. Det påpekades 
också, att lantbrukets eftersättande i d(*tta. hänscMmde ej kunde 
försvaras med hänsyn till dessa högskolors upprättande. I valet 
mellan en fristående lantbrukshögskola i Stockholm och en lant- 
bruksv(itenskaplig universitetsfakultet stannade de sakkunniga vid 
det sistnämnda alternativet.- Man han visade till att instituten voro 
förlagda i universitetens närhet, vilket vor(‘ av betydelse, och att. 
universitetens resurser väl kunde mäta sig med huvudstadens. Vi¬ 
dare framhölls det välgörande inflytandet, »av d(^ livgivande veten¬ 
skapliga inlr(‘ssen, som äro betecknande för andan vid våra univer¬ 
sitet», varjämte tyska uttalanden om en dylik organisations fördelar 
framliavdes. En dylik anordning skulle oeksa kunna. vara. välgö¬ 
rande för universitet genom samarbetet och nagon fara. för ett en¬ 
sidigt teor(‘tiserande ansåg(‘s ej föreligga., da. kravet på lantbruks- 
I)raktik for tjänsters erhållande inom lantbruket alltid skulle utgöra 
ett erforderligt korrektiv. Jlartill kommo ekonomiska, synpunkter, 
som talade för förslag<‘t. Vad jilatsen bidraffade stannade man bir 
TTppsala, då. Skånes lantbruk ansågs foga represemtativt för landet 
i dess helhet, ocli då tyska och danska lantbruksvetenskapliga forsk¬ 
ningsresultat kunde anses direkt tillam])bara på ISkanes jordbruk. 
Uppsalas närhet till Stockholm framhölls oeksa. Mot dimna for- 
läggningsort reserverade* sig kommittéledamoten Mats Weibull, 
rektor för Alnarpsinstitutet. 

Ibdänkandet utsattes för en hard kritik. Styrelsen för Ultuna lant¬ 
bruksinstitut åberopade utlandska erfarenheter och hanvisade till 
andra svenska speeialhögskolors organisation for sin åsikt, att den 
högsta, lantbruksutbildningen skulle kunna, förenas med praktisk 
yrkesutbildning. Vad de erforderliga försöksmöjligheterna beträf¬ 
fade ha.vda.des att Ultuna erbjöde ojämförligt större r(‘surs(‘r an 
ett univ(‘rsitet. Styrelsen förklarade sig ej heller kunna inse, »varför 
ej lantbruksinstituten, såvida de utrustas jmul nödiga. med(d, kunna. 

1 Juhliri Dannfelt meddflur, att }iaii i komirnttrri icko kunde vinna gehor for 
Stoektiohn stim forlaggrungKort, varför han atmlot Hig lill de sakkunnigas forslag i 
syfte att ernå sf.orre enfialligliet, vurtdl kom att lian saknade erforderlig tid for en 
reservations utarbetande. Se 1 landtbrukets tjanst s. 496 ff. 
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bliva härdar för vetonskaiilig forskning». {?5tyrelscn hävdade vidare, 
att konsulentkursens jordbruk slinje borde vara förlagd till Ultuna, 
»o(di då Alnarp tvivelsutan är den plats, soin bör ifrägakoinina för 
den högre inejeriundervisningen, förefaller det vara synnerligen 
lämpligt, att, i händelse av uppdelning, dit förlägges även konsu¬ 
lentkursens hiisdjurslinje».^ 

Alnarpsinstitutets styrelse uttalade, att. en d(‘l av det vetenskap¬ 
liga arbetet på lantbrukets område med fördel kunde förläggas till 
ett universitet., inen hirebrådde de sakkunniga, att de ieke åväga¬ 
bringat erforderlig utredning ifråga om möjligheten att utvidga de 
bestående lantbruksinstituten. Än mindre hade dedta varit, fallet 
iiuhI möjligheten av kombinationer mellan studier vid universitet 
och institut. Lantbruk sak a demuui talade för en förläggning till 
Stockholm med upprättande* av en lantbrukshögskola oe-li ])åyrkade 
ytterligare utredning. Större akademiska keaisisforie*! i Uppsala 
instämde visserligen mt‘d de sakkunniga \iwv, foresh>g också ytter¬ 
ligare utredning i olika hå.ns(*enden.^ Behenet av högre lantbruks- 
undervisning vitsordades av nast an alla rt*nnssinslans(*r. men samt¬ 
liga ställde sig oeksä tveksamma i.ill sakkuiinige*fe‘)rslaged. oeh på¬ 
yrkade ny utredning. Ett undaiPag ’ forstnamnda hanseende var 
lantbruksst>reks<‘n, som för sm del ansåg, att bedumt till en början 
skulle kunna t.illgodos(*s medelst r(‘sesti}a ndier för det fåtal, som d(*t 
harvidlag var fraga om. ]Sagon enighet om (i(‘n framkomliga vagen 
kunde ieke skönjas.'^ 

Sakkunnig(*utlåta.n(hd föranledde* ingem atgard, vartill förutom 
kritiken (l(*t strax dareft(*r utbrutna. värl(lskrig(*t bidrog. Ar 1919 
forordade lantbruk sst yreisen en ny utr<‘dning om frågan i (*tt ytt¬ 
rande med anl(*dning av (*n framställning från Sveriges allmänna 
lantbrukssallska]). Ett yrkande* i frågan gjordes oeksa. av hushåll¬ 
ningssällskapens 1924 församlade ombud.^ 192t> framlad(*s en mo¬ 
tion i riksdage*!! av danin* Ailsson i Ilorby om utredning av sakem.^ 
Motionaren framhöll, att forslag från institutsstyivlserna om e*r- 
ford(*rliga utvidgningar oeh Ibrbattringar ieke beaktades med hän¬ 
visning till he*la fragans sva vande lage, varför riskem förelåg, att 
undervisningen skulle* bliva lidande. Itiksdagen biföll förslage*!, oeh 
192t) tillsatte* Kungl. Majrt en kommitté, semi antog nainne‘t heågre 
lant bruksunde*rvisningssa k kunniga, vilka följande år avgavo ett. 
omfatt ande oe*]i grundligt ut arbed at betänkande*.^ 

1 Se Styn>lH('n8 for Idtiitui InixltluMiUMnMitut inulerdåtii^a utlåtande angående 
sakkunniges furslaji om u}>pratttin<lcl at en landtbrukslio^skola. »lamte bilaga: 
Ultuna larareråds ytlran<l(> i anaidet 

Se Till kansleren tor rikets universittd (1918). 

•* Se harorn Tkdankande in('(i torslaR till den högre lant hriiksiind(‘rvisningens 
ordnande (1927) s. 20 If. 

^ Se a. a. s. 29 f. 

® Motion i andra kammaren nr 299. 

‘‘ Betiinkande med forslag till den högre lant bruksundervisiiingens ord- 
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De sakkuniii^^a anslöto sij*: till uppfattningen, att frä^^an snarast 
borde erhålla en tillfredsställande lösniiifi:. Vad forsknin^^snpp^if- 
terna belräffade fasi slogs, att redan verksanirna anstalter, oeii 
främst då den 1907 inrättade (‘(mtralaiistaltc^n för försöksväsendet 
på jordbrukets område, icLe kunde oinspaniia luda d(d valdiga om¬ 
rådet, varför ytterligare möjliglieter till vetenskaplig forskning vore 
av behovet pakallade. Ifråga, om undervisning(‘n gjorde de sakkun¬ 
niga en sammanställning over <le befattningshavare, som kunde 
beräknas ha förskaffat sig den fackutbildning, som en högskolein¬ 
stitution (‘rbjöde, därest- (hmna möjlighet hindegat. Ihuukningen 
synt(‘s utvisa, att årligen omkring ;I0 el(‘V(‘r skulle komma att an¬ 
mäla. sig, varför blott vn und(‘rvisningsanstalt skulh‘ ifrågakomma. 
!)(» sakkunniga, gjorde också inledningsvis vissa överväganden av 
mera principiell natur. Som den ifrågasatta institutioiuuis u])pgift 
betecknad(‘S en vetenskapligt grundad undervisning med jiraktisk 
inriktning*. Därjämte* borde finnas mojlighider for utbildande av 
vetenskapsman ])a jordbrukets områden. Vidare skulh* institutio¬ 
nen vara en forskningsansta.lti. Lärarna skulle (\j endast ha att följa, 
den vetenskapliga utvecklingen utan av(*n sjal va bidraga till d(*nna. 
D(*t betonades, att standarelem skulle vara »fullt Jiögskohuna.ssig 
och J \arje fali ej lägre* an den vid andra ded praktiska naringsliv(*t8 
högskolor förekeunmanele*». Institutionen borele vidare* ha be*k\am 
tillgång till ett storre, valskött jorelbruk, vilket veue av ste)r lH‘ty- 
eledse båele för fe)rskning eudi unele‘rvisning. 

IJndeTvisningens organ isatiem foranle*dde‘ alteTnativa forslag. 
Knligt (led (uia, som bl(‘V de sakkunnigas slut yrkande*, skulle det 
finnas en agronomkurs, huvudsakligiui avse‘dd lör elriftsle*elare‘ och 
i iinge*färlig övere*nsstanime*lse me*d den vid instituten m(*dde‘lade 
lagre undervisningen. Studiedidem b(‘raknades till t va ar. håir as])i- 
ranti-r till larartjanst(*r och konsule*ntbefa,ttningar ni. ni. avsågs 
enligt de*tta alternativ en agroneimisk aml)(*tse\anien me‘ei b(*rakiiad 
studietid av tre år. Intraele*sfe)rdringarna skarpt(*s till stude*nt- 
examen eller åtminstone* stude‘ntkunskap(*r for vissa amne*n. Fn 
sj)(*cialis(*ring skulle meijliggeiras genom en linj(*uppd(*hiing: jord- 
brukslinj(*n, husdjurslinjem e)ch den ekoneimiska. linjen. Föi* att 
möjliggöra en längre gåe*nele* sjH.*e*ialis(u*ing for(‘slogs en kandidat¬ 
examen saseiiii grundval l*(»r nie‘ra. vedenskaphgt inriktade* studie*r. 
Denna skulle* e*j nie*dlöra behörighe*t till lantbrukslarare- (*l](‘r kon- 
sul(*nt befattning. Lin jeu])])de*lningen inskränktes härvid lag till 
jordbruks- och husdjurslinje*. Lie*entiat(*xanu*n kunele avlaggas. 
Den skulle galla, två amnen. Frågan om doktorsgrad stalleles ])å 
framtiden. Slutligen feuvslogos fe*ni doce*ntstipendie*r. D(‘t anelra 
alt.(*rnativet, som förordades av ivs(*rvant(‘ri IVr Edvin Skold, inne- 


Avgivet av högre lanthruksinulerv usiimgösakkunmga. (Statens olfent- 
liga utredningar. 1927: 32.) 
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bar en för utbildning av yrkesmän vid praktiska jordbruk och för 
fortsatta vetenskapliga st udier geniensam agronoinkurs, som förden¬ 
skull gjordes något mindre omfattande ifraga om d(‘ praktiska till- 
lämpningsåmiKma oeh något större ifråga om de naturvidenskapliga 
amnena. Studietiden b<*råknadeH till två år. För intrad(\s vinnande 
till kursen för agronomn^ ambcd-sexaimai sknlle, birutom agronom- 
kiirsen, fordras studentkimskaper i vissa, ämnen. Studietiden be¬ 
räknades även liar till två år. Linjeu])])delningen behölls frånsett 
att den ekonomiska linjen ströks. Studierna för kandidat(‘xamen 
skulle bygga på genomgången agronomkurs oeh i)lanlaggas som jani- 
förbara kandidatexamina inom filosofisk fakultet oeh likställd hög¬ 
skola. I övrigt tbrelago inga större* olikheter mellan de båda alter¬ 
nativen. 

ifråga, om deui högre lanlbruksmuh‘rvisning(*ns ytlre organisation 
diskut(*rade de sakkunniga först »uöjiiglu*1(*n av (‘n anknytning till 
universitet. Mot en sadan talade den redan i samband med 191.S ars 
forslag framförda, svarigludeu om olikheten i iniriulesfordringar. 
De sakkunniga ställde* sig tM*ksamma ilråea om möjlig]H*t(*n att i 
någon liogregrad for e*n högre* lant lurksundervisning kunna utnyttja 
univ(‘rsite*(ens forhande‘Uvarande re*snrs(*r. Kxira. kostnade*!’ för 
byggnade*r oeti larare* skulle i varje hill hii\a högst be tydande*. I>un- 
<le‘nhe‘t<‘n vid ett iinive‘rsite‘t äiide* bjöie fördelar e)e*h nae*kelelar, 
me*dan ele*n e*rfe)rde‘rliga praktiska inrikI ninge‘n a,v lantbruksunde*r- 
visningen skulle* bliva svarare* att tillgodose*. Fn anknytning till 
te*kniska he)gske)lan avbeijeles, elå nageit utnyttjande av eless unele*r- 
visning i eiteiranelrad form naidK‘lige*n kunde* keimnia ifraga, varjämte* 
ele*t bieilogiska. anmese)nirade‘t, seun maste* be traktas som grimellåg- 
ganeie Ibr lantbruksuneie*rvisninge*n, i steirt se*tt var ele‘nna heigskeila 
fränimaiiele*. De* träffa ne le* eii anknytning till ele re*lativt nylige*n emi- 
e)rganise*raele* skeigs- eieli ve*te*rinarhe>gske>le)rna. ansågs elet rätta 
e»ge)nblie*ke*t tor e*tl. samenelnanele* re‘elan vara lbrsutte*t, eM*h att. vins- 
te*rna eie-li be*sparingarna av en samrallel organisation veire* e)be*tyelliga. 
Ifraga emi e‘entralanstalte*n avstyrktes e*tt sameirelnande*, då ele*tta 
skulle inve*rka. eifeirdelaktigt på ele*t vid denna institution bedrivna 
arbe*te‘t. Även e‘U feirn.vttning av anstalt 1*11 till e*n Imgskeda avbéijde*s, 
då lam])ligen e*rtarenhe*t enn heigskeilans ineijlighete*r att eivertaga. 
eless ar bet suppgift e*r lieirele* avvaktas. 

Laiitbruksheigskedans feulaggiiing till 8toekholm avstyrktes pä 
grunel av ele eikaeie keistnaele*rna. samt. svårighe*ten att e*rnå nara 
fe>rbinele*lse» me‘el e*tt stenre jeirelbruk. l vale*! me*llan Dltuna e»e*h 
Alnarp stunnaele ele sakkunniga vid lUtuna av fle‘ra skal. Man han- 
visade till de bättre* kommunikatie)nsme)jliglie*te*rna, eleui steirre latt- 
he*t.e*n att. fä s|)e*e*iallarare*, ele‘n närmare kemtakten nieel eentral- 
anstalte*n e»e*h lUtunas e‘e*ntrala lage i feirliållande till landet i eless liel- 
]ie*t samt intiina e*g(*nde)ms nie‘ra skiftande karaktar ineel hansyn till 
jemlmånerna. lleigskolans feirlaggning till Ultuna skulle oe-kså emligt 
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de sakkunniga innebära ett värdefullare tillskott till landets jord- 
bruksforsknin^f med hänsyn till rikets mellersta och norra delar, då 
södra Sverige i större grad kunde direkt tillgodogöra sig forsknings¬ 
arbetets resultat i J.)anmark oeh Tyskland. Till Alnarp skulle där¬ 
emot förläggas en driftsledarekurs och den högre mejeriundervis¬ 
ningen, då blott här mejeri av erforderlig storleksordning stode att 
erhålla. Dit skulle också förläggas den högre trädgårdsundervis- 
ningen, då staten endast där ägde större trädgårdsanläggningar. 

Tre reservanter i kornmittön, bland dem socialdemokraten Per 
Edvin Sköld, inflytelserik medlem av riksdagens största parti, hade 
uttalat, att frågan om (‘.entralanstaltens förflyttning måste bliva 
aktuell, varför möjligheten av dess förening med en lantbrukshög- 
skola borde j)rövas. Saken fördes också på tal i åtskilliga remissvar 
till de sakkunnigas betänkande.’ Med anledning härav tillsattes 
1928 en kommitté för utredande av hur (tt samordnande med en 
lantbrukshögskola skulle kunna tänkas. Utredningsuppdraget om¬ 
fattades alltså e\i frågan, huruvida ett same)rdnaneie skulle ske. Ke)m- 
mittéri avgav sitt bedänkanele år 1929.De sakkunniga bediandlade 
ingåemde olika alternativ till förändringar av den bestående e^emtral- 
anstalte^ns eirganisatiem. lluvuelalternative^n vem) fyra. h'ör det 
feirsta förläggandet av em friståeaiele försöksanstalt till samma plats 
som lantbrukshögskolan. Det andra altemiativet innet)ar, att fyra 
avdelningar vid eentralanstalte*n, namligeui je)rdl)ruks*, husdjurs-, 
kemiska exti bakterie)le)giska avelelningarna direkt skulle inorelnas i 
lantbriikshögskejlans metsvaranele institutieineT. Det tre‘elje var em 
ke)mbination metlan ele^ två nåmnela. En elel av försöksverksamheteai 
skulle e)rganiseras se)m em friståemele förse)ksanstalt förlagel till samma 
[)lats se)m lantbrukshe>gske)lan, ineMlan övriga gre‘nar skulle» infeir- 
livas med högskeilan. Det sista alternativet inne*bar, att vissa eletar 
av fe)ise>ksv(‘rksamheten inforlivaeles nie*el lié)gske)lan, me*dan anelra 
e)rganise‘raeles seim em fe)rsöksanstalt viel Ex])e‘rimentalfaltet. De 
sakkunnigas slutsats blev, att ekm högre» lantbruksuneie»rvisningen 
féirst skulle e)relnas, e)e‘h att fe)rse)ksve»rksamhete»ns aiiknvtning till 
den liög»*e' lantbruksunele»rvisninge»n måtte» avgöras vid e‘n senare 
tid punkt. 

Me‘el eiemna utreelning, avgive*n elen 12 se»])te»mber 1929, ansåg 
re»geringen fragan tillrae-kligt utre»eld oe*h mogen tor ett avgörande, 
varfe)r prope)sition i ämnet avlamnaeles till 1980 års riksdag.*’ 

Pre)pe)sitie)nem iiine»bar i stort sett em anslutning till ele högre lant- 

^ PropoHition lOSO nr 249 s .5 

- Ptrodnm^j: ot^ntrulanstiiltens for forsoksvaspiidot pä jordbrukH- 

området och en blivand(' ho)j;re lantbrukKuiidervismn^s inbördes ställning. Av¬ 
givet av tillkallad»' utredinng.^inän. (Statens offentliga utredningar. 1929: 19.) 

^ Proposition 193e) nr 249. 
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bruksundervisningssakkunnigas förslag. Beträffande frågan om 
förhållandet till centralanstalten ställdes denna i)å framtiden i 
anslutning till den förebragta utredningen. Förslaget föranledde 
flera motioner, av vilka flertalet förordade ny prövning av frågan 
om centralanstaltens ställning. Axel Pehrsson i Bramstorp framhöll 
jämte en medmotionär i andra kammaren, att det. kunde ifrågasättas, 
om man så starkt som i propositionen skulle inrikta sig på lärare¬ 
utbildningen, då andra fa ekhögskolor i första rummet inriktade sig 
på utbildning av juaktiska driftsledare. Beträffande ct^.ntralanstal¬ 
ten framhöllo motionärerna bland annat: »Vidart‘ måste det för 
högskolemässig utbildning inom jordbruksområdet vara ett oefter¬ 
givligt villkor, att lärarna oeli de av deras elever, som bedriva spe¬ 
cialstudier på högre stadium, hava liilfälle såväl till egen försöks¬ 
verksamhet som till kontakt med den statliga försöksverksamheten. 
På samma sått är det av en oerhord Ix^iydelse fö’* försöksledarria att 
stå i intim rapport, nunl företra-darna för jordbruksvetenskapens 
olika grenar. llikliglK^ten av vad salunda framhållits är erkänd 
inom all universitets- och högskohait bildning, särskilt på de natur¬ 
vetenskapliga och medicinska oniradena.»^ 

En annan betydelsefull tvistefråga, gällde inträdesfordringarna 
vid den tilltänkta lantbrukshögokolaii. I>i‘ liögre lantbruksunder- 
visningssakkunniga hade i ]>rineif) liavdal kTa\et på studentexamen 
eller motsvarande kunska])er. Aa sikten had(‘ A^arit att göra under- 
visningcui fullt högskohmiassig. En reservant, Sköld, hade dock 
uttalat, sina starka betänkligheter. Ilan befarade, att den önsk¬ 
värda r(‘kryt(Tingen av studerande* från jordbruk arhem skulle även¬ 
tyras. Propositionen följde aven i detta hanseende de sakkunnigas 
majoritet., ehuru sarskilda åtgärder for fort,bildiiingskurs(*r ställdes 
i utsikt. ÄATii detta, ställningstagande kritiserades i riksdagen.^ 
Propositionens forslag om foiiaggningsplatsen vållade också miss¬ 
stamning pa olika håll. 

Det framlagda regeringsförslag<*t avstyrkt(*s a.v ett nästan enhäl¬ 
ligt utskott.^ Kritiken gällde främst uraktlåtenheten att upptaga 
frågan om centralarist alt ens organisation, varAud utskottet också 
uttalade sig för cit narniare övervägande av högskolans förläggning 
till KStockholin eller Ultuna. Med hänsyn till inträdesfordringarna, 
som var vii annan huvudjninkt, önskade också utskottet ett feir- 
nyat 0 Aa*rÅtagande av åtgärder, som kunde underlätta de studeran¬ 
des rekrytering från jordbrukarnas egna. led. h^amtidigt underströks 
att frågan snarast möjligt borde» lösas, varför nytt förslag i ämn(*.t 
forvantades till UKll års riksdag. »lordbruksminist(‘rn uttalade 
tAiA-elsmål om huruvida, utskottets önskemål skulle kunna forverk- 


^ 1930. Anöm kaminHren. Motion nr r>30. 
2 Andra kammaren. Motion nr 541. 

2 Jor(n)ruk.sutsUottets utlåtande nr 81). 
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vilket föranledde ei-t kraftfullt ^^enrnäle av Per Edvin Sköld, 
som i andra kammaren motiverade utskott(‘ts ställningstagande*-^. 

Den 11 oktober 1930 förordnades Sköld av den nya frisinnade 
regeringen att inom departementet biträda me<l utarbetande av 
förslag i frågan^, oeh redan den 20 f(d)ruari 1931 dagtecknades den 
nya propositionen om den högre lantbriiksund(Tvisningens ord¬ 
nande^. 

Ifråga om den liögre lantbruksundervisningcms allmänna plan¬ 
läggning innebar den nya propositionen i stort selt en anslutning 
till de högre lanibruksundervisningssakkunnigas förslag, men den 
lyckades också tillgodose det krav, som reservantcm Sköld gjort 
gällande, då han uttalat sin farhåga för en minskad rekrytering av 
högskoh^studerande från jordbrukarhemnnm. Den nya utredningen 
hade nämligen fäst iippmärksandieten på att två folkhögskolor. 
Vilan och (hmestad, gjort till sina U})pgif1er att gcmom särskilt or¬ 
ganiserade spe(‘ialkurs(T bereda sina eh‘V(‘r för inträde* vid laiitbruks- 
institut(‘n, vilken undervisning allmant betecknades som värdedull. 
r anslutning härtill föreslog propositionen statsunderstödda kurser 
för lantbruksstuderande, vilka önskade* förbe*reda sig till intraele 
vid den tillämnade* lantbruksheögskedan. 

Beträffande*, frågan emi de‘n tillamnade héigskedans samoreining 
iikhI ete-iitralan st alten fen feirsedcsvenksainhet på jordbrukeds e)mråde 
fastsle^g i)rope)sitieme*n, att elen i varje fall skulle* vara till torelel fen 
undervisninge*!!, evad elen gällde* avdedningarna fen jorelbruk,hus- 
eljursske)tsel, kemi, beda.nik e>e*h bakte*riole)gi. Eör ele* två förstnämnda 
avdelningarna ansågs elet eloe*k edägligt att fene‘taga någe)n nu‘ra 
ge*nomgripande ändring i de*ras, he*la riket e)mfattaneie, förséiks- 
verksamhet, llartill ke)m svårighete*n att låta fen(*stanelarna öve‘r- 
taga undenvisning i huvudämnen. De ke*miska, be)taniska och bak- 
teniole)giska avele*lningarna ansåge)s däreme)t utan sténre edägen- 
hete*r kunna inordnas i elen blivande ]ie)gskolan I)e*ras venksandie*! 
kunde ie*ke anse\s i någon större grael avvika från en högskede- elle*r 
unive*rsite*tsinstituti(ms. l)e*t kunde icke me*el fog genas gällanele, 
att den ringa unelenvisning, semi de*l. har skulle* gälla, i någem nämn¬ 
värd grael skulle kunna ve‘rka hinelraneie* ])å ett fenskningsarbete*. 
på vilket unde*rvisninge‘n tenele uteäva e*tt feneledaktigt inflytanele*. 
J)eji e*nt,ome)logiska. avde*lninge*n vid e',e*ntralanstalten ansågs dar- 
emen icke be‘he)vlig vid högskolan, elå unde*rvisniiige‘n i d(‘tta ämne 
hade alltför lite*n emifattning, vilked icke* skulle iiim‘bara någe>t liinde*r 
feir växt.patedogisk fenskning vid he)gske)lan. Slutligen ansåge)s ele 

^ Andra kaminaron don 28 irui). Nr 41 s. 133, 

2A. a. s. 13S. 

^ Proposition 1931 nr 143 s. 8 

* Kiingl. Maj:ts pro])osit.ion till riksdatj(*n angåondo don hogro lantbruksundor- 
visriingons ordnando iri. ni. Mr 143. 
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starkaste skälen tala för mejeriförsökens förening ined den högre 
mejeriundervisningen. 

Oenom jordbruksutskottets utlåtande vid 1930 års riksdag, vilket 
godkändes, var, som Sköld i sitt ovan nämnda inlägg påpekat, frå¬ 
gan om högskolans förläggiiingsort begränsad till Ultuna eller Stoek- 
holm. Alnarpsalternativet liade fallit. 1 1931 års proposition be¬ 
gränsade sig också depart(^ments(*hefen till en diskussion av dessa 
båda alternativ. 1)(^- något ökade kostnaderna i Stockholm på grund 
av de högre dyrort stilläggen ansågos <\j utgöra något viktigare skäl, 
medan dän^niot- elevernas ökade» levnadskostnader i Stockholm ta¬ 
lade till Ultunas förmån. Vad den vet(»nskapliga kontakten med 
andra vetenskajdiga institutioner bdräffade». ansågs denna kunna 
ske i större omfattning i Stockholn». Den skiilh» kunna omfatta 
liusdjurslära. o<*h marklara samt k<*m<. Däremot ansågs knappast 
den starkare anknytning kunna komma till stånd, som bestode i att 
elever på ett högre stadium hade bekov att förlagga sina studier till 
annan anstalt. Det skulle däremot, vara falhi vid en fiiiläggning till 
Ultuna, som förklarad(‘H »med stcasta visslad leda till organiserat 
samarbete* i ratt st(»r utsträckning». Hn iVirutsåttning vore dock, 
alt högskolan kunde knyta vc*tenska]*liga k{i]»ac*i1elc*r till sig och 
c‘rhålhi en förstklassig utrustning. \ven denna fråga ansågs dock 
c*j kunna, tillmatas avgörande bedvdedse. Den utslagsgivande syn- 
])unktc*n i dc*})artementscherens motivc*ring blc*v däremot tillgångcui 
till tillräckliga försöksfalt och forbiiidc‘lKen med praktiskt jordbruk. 
Ävc*n om han ansåg, att. bedydedsen av ett. jordbruk som deunonstra- 
tionsobjekt. ur undc*rvisningc*iis synpunkt icke skulle överskattas, 
hävdade han bestämt vikten av att forskarna vid högskolan hade 
mcijlighetcir till cTfordcTliga forsok ocdi framhöll bcdydelscm i\Y dc*n 
standiga kontakt cm med utövarna av ])raktiskt jordbruk. Tropo- 
sitionen stannade* darfor vid Ultuna som den lämpligaste fcirlägg- 
ningsorten. Hc*traffande den hogre* mc*jc*riundc‘rvisningen, som borde 
fc)rc‘nas mc*d m(*jc*rifcnsoken, ansags forekomstem av c*tt statligt 
driftsmc*jeri vara av avgörande betydedse. Därvidlag foivslogs 
Alnarp som fcirlaggningsort, l\lc*da.n den förc*slagna. växtskydds- 
aiistalten skulle kvarbliva i Stockholm, foreslogs förflyttning till 
lantbruksliögskolans ort av c*c*ntralanstaltc*ns bada. a.vdc*lningar för 
husdjurs- ocdi jordbruksforscik, ehuru detta mc*cl hansyn till cTfor- 
clc*rliga byggiiadsarbc*ten ickc* skulle* ske* fcirrån undc‘r loppet av år 
1935. Slutlige*!! feireslogs hogskolan börja sin verksamhet den 1 
nc)vc*mbc‘r 1932, varnmd Idtuna lantbruksinstitut skulle upphöra. 

Pro position c*n tillstyrktes av j( relbruksutskotte*t ock bifölls efter 
dc‘batt.er av båda kainrarna utan att. några. väsc*ntligc‘ii nya. syn¬ 
punkt c*r framkommc), av andra kammarcui den 20 ocdi av första 
kammaren dc‘n 2S maj 1931. 
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TV, Lantbrukshögskolan. 

Högskolans allmänna utveckling. 

För verkställande av riksdagsbeslutet av år 1931 angående lant- 
brukshögskolans upiuättande tillsatte Kungl. Maj:t den 24 juli 
1931 en nämnd, sedermera kallad lantbrukshögskolekommitterade.^ 
Dess ledamöter utgjordes av medlemmarna av IJltuna lantbruks¬ 
instituts styrelse samt eliefen för laiitbruksstyrelsen och förestån¬ 
daren för C(‘ntralanstaltens bakteriologiska avdelning professor 
Christian Bartliel. Bartliel förordnades den 28 juli 1932 till hög¬ 
skolans förste rektor. Lantbrukshögskolekoinmilterade fungerade 
intill utgången av år 1932, då den av Kungl. Maj:t förordnade sty¬ 
relsen för högskolan övertog ledningen. 

Den 16 de.cember 1932 utfärdades stadgar för lantbruksliögskolan 
att gälla från o(th med den 1 januari 1933. Som högskolans uppgift 
bestämdes »att genom vetenskaplig forskning främja lantbrukets ut¬ 
veckling samt att meddela på vetenskaplig grund vilande undervis¬ 
ning i för lantbruket viktiga ämnen» (§ 1). En nyhet gentemot mot¬ 
svarande stadgande för lantbruksinstitutet, var den vetenskapliga 
forskningen. Wtyrcdsen skulle bestå av sju hMlamöter. Högskolans 
rektor, samt ch<*f(‘n för lantbruksstyndsen 0 (*li d(‘U tillåmnade före- 
ståndarim för (ientralanstalten voro självskrivna. Bland de åter¬ 
stående fyrUi ledamöterna borde finnas »representanter för univer¬ 
sitetet i lJi)psala, för den försöksverksamhet på Jordbruksområdet, 
som bedrives utanför högskolan oeh (*entralanstalten för försöks- 
väsendet på jordbruksområdet., samt för det. x>raktiska. lantbruket». 
Ordföranden har liksom tidigare alltid varit landsliovdingen i Epp- 
sala län. En övergångsbestämmelse stadgade, att Kungl. Maj:t 
skulle som styrel8(Mnedlem förordna en r(‘preseiit.ant för eeiitral- 
anstalten, till dess föreståndare»- för denna anstalt utsetts. Styrelsen 
var direkt underställd Kungl. Maj:t, varför lantbriiksstyrelsens över- 
inseendi» över institutet kom att sakna motsvarighet. 

Till lantbrukshögskolekommitterades första upj>gift(‘r hörde de 
trängande byggnadsfrägornas lösning. Fiirutom reparationer (xth 
diverse inredningsarbeten samt liuvudvägens jdaiiering oeh den 
nödvändiga, invallningen*^ gällde d#»t i första hand att planlägga (»ii 
ny institut ionsbyggnad. Till dennas uppförande erhölls 1932 bc»- 
myndigande, varvid kostnaden sattes till högst 1 340 000 kronor. 

^ Jiorattolso ovor v^orksHmlieiori vid lantbruksliögskolan und('r lasårot 11)32 
1933 a. 1. Se for det följande avon Bartliel, Organisationen iiv den högre lantbruks- 
undervisningon oeh jordbruks!orsoksväsendet i Sverige (Nordisk .lordbnigsforsk- 
ning 193S, h. 4/7 s. 27—36) oeh Lantbrukshogskolan. I^ln vagledning. Utgiven av 
lantbrukshögskolans lararråd (193S). Fur den toljande framställningen anföras ej 
berättelserna i varje särskilt fall. 

“ Se Floilkvist, Ultuna invallningsforetag (Lantbrukshogskolan. En vägled¬ 
ning s. 77 f.). 
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Institutionsbyggnadens uppförande påbörjades 1933 men fördröjdes 
till följd av den riksomfattande byggnadsstrejken txdi kunde först 
1935 färdigställas, varvid Konungen förrättade invigningen av 
högskolan. 

En besvärlig fråga utgjorde överflyttningen av eentralan stal tens 
avdelningsförest-åndare. Då endast foreståndarcui för dess baklerio- 
logiska avdelning åtog sig att bestrida undervisning vid högskolan, 
ledigförklarades i enlighet med vad propositionen f()r delta fall 
förutsett professuren i huitbrukskemi oeh en av de xdanerade bota- 
nikprofessurerna, nämligen systematisk botanik o(*li ärftlighetslära. 
Föreståndaren för eentralaiistaltens avdelning idr lantbrukskemi 
bestred dock delvis undervisningen i marklara till sin död 1934. 
Föreståndaren för centrahuistaltens botaniska avdelning åtog sig 
från l juli 1935 undcTvisning vid högskolan. CHerforandet av av¬ 
delningarna som sådana med ovrjga befäl(ningsliavare ftudröjdes 
också av de hinder, som möt1<‘ byggnadsarlx^liMias fullbordande. 
Med år 1935 var do(‘k överflyttningen av nu naniiida avdelningar i 
enlighet med 1931 års riksdagsbeslut klar. 

Detta riksdagsbeslut innebar vidaM‘, att d<» delar av centralaii- 
stalteii, som at.erstodo (*fter de ny^^snamnda a vdelningarnas inför¬ 
livande med hogskolan, niejena Mh‘lidng<‘ns ov(*rforand(‘ till Alnarp 
och upj)gången av botamska avdtdninguis vaxtpatologiska del i 
statens vaxtskyddsanstalt, pa ho^ten 1935 skulle flyttas till Ultiina 
ocli (lår bilda (ui friståioule centralanstalt undi*r samma styrelse^- som 
högsk<dan. Anstalten skulh» upi)d(das j)a <‘n jordbruks- och (m hus- 
djursavdelning. Ett visst samordnande forutsatt(‘s sa till vida, att (‘r- 
ford(‘rliga. kemiska analysen^ skulle ske» å högskolans kimiiska labora¬ 
torium, varjämte kamr(*rare och ])ibliotek skulle vara gemensamma. 

lt(*(hin i januari 1931! tdlsatte dock Kniigl. Maj:t en kommitté 
för yttcTligare* utr(‘dning av fragan om foisoksvcTksamheten pa vaxt- 
och trädgårdsodlingens omradem.* llctankaiidet f()reslog upi)råt- 
tandet av en stat(»ns lantbruksforsöksanstalt, hidt skild från hög¬ 
skolan m(*d (*gna laboratorier oeh (»g(d bil)liot(‘k, imni f()rlagd till 
Ultuna. Fh*rtal(»t remissinstanser tog a vst and från denna organisa¬ 
tionsform. 1935 tillkom en kompletterande utivdning rörande hus- 
djursförsok(*n, varvid vtMhoborande dt*part(»m(*ntsch(‘l framhöll 
som sin åsikt, att en samordning m(*d hogskolan borde ifragakomma 
i motsats till vad 193l! års iitivdningsman ansett. rtr(»dningen före¬ 
slog en samarbetande forsöks- oeh undcTvisningsverksamhet imm 
avb()jde tanken ])a förening a-v Jdrsöksverksamhel(»ii med motsva¬ 
rande högskol(‘instit\itioner liksom en friståemh» f()rs()k s verk samhet 

^ Tletankando mod ulrodnirjg och forshi^ roniruh' orgamsatumon av forsoks- 
verksainh(*t(‘n pa vaxt- o<*h tradgårdsodJmgoiis område. (Stattais offentliga iit- 
rodniiigar. 1934: 4.) 

2 Botaiikandc angående hiisdjursforsciksNorksamhotons organisation. (Statens 
offentliga utredningar. 1935: l!9 ) 
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1936 beslöt riksda^ren, att det statli^?a försöks väsen det på jord¬ 
brukets område från oeli med 1939 skulle, fcirenas med högskolan i 
ungefärlig överensstämmelse med det sist nämnda förslaget. Med 
anledning harav modifierades högskolans byggnad sprogram men 
ställdes samtidigt på framtiden genom överförande till beredskaps- 
stal. Det enda återstående byggnadsföretaget enligt 1932 års bygg- 
nadsprogram var byggnaden för exteriörlara m. in., vilken färdig¬ 
ställdes 1939. 

I sainband med nyssnämnda omorganisation utfärdades nya 
stadgar den 28 oktober 1938, som tradd(‘ i kraft d(‘n 1 januari 1939. 
Högskolans uppgift att främja lantbrukets utveekling oeh meddela 
undervisning skulle hädanefter ieke blott ske g(»nom vetenskaplig 
forskning utan även geaiom »särskild lorsöksverksamlud» (§1). 

(Vmtralanstaltens båda avdelningar for jordbruks- 0 (*h husdjurs- 
förseik införlivades år 1939 såsom med övriga institutioner jgjrn- 
ställda ‘ivd('lningar. Heteekningarna bleAo jordbruksförsöksanstal- 
ten oeh hiisdjursförsöksanstalten. Föreståndarna, som av styredsen 
kunde åläggas mindre» undeTvisningsskyldigliet, bl(»vo l(Mlamöte‘r av 
lärarrådet. 1939 up})fördes en feirsoksladugård vid Kungsäng(‘n oeh 
1938—10 förs()kslokal(‘r åt institutionen för systeunatisk botanik oeh 
ärftlighetslära. 1943 färdigställd(»s byggnadeT för svin- oeh höns¬ 
försök vid lläeklösa oeh 1917 en pälsdjursgård. 1 samband harnu‘d 
stod oekså ui)pförandet av en särskild bihliote^ksbyggnad, färdig¬ 
ställd 1943, som motiverats av bibliotekets tillväxt me»n oekså av 
att' bibliotelcslokalerna i administrationsbyggnaehai skulle tagas i 
anspjuk av hiisdjursförsöksanstalten. iM(*d anledning harav flytta¬ 
des steirre delen av linsdjursforsöksanstalten till rituna 1942, vilked 
oekså medfeirde, att högskolans kemiska analyslaboratorium, som 
tratt i v(Tksamli(d 1939 oedi ctvertagit de arbetsii])])gifter, som ålegat 
elriitslaborateiriet vid eumtralanstaltem, nu eie-ksa i sm lie*lhe‘t- e)ver- 
fe)rele‘s Till rituna. Labeirateiried hade elittills liaft sin verksamlied 
fördedad på högskeda.ns kemiska institiitiein eiedi ])å en aveledning vid 
Experiment alfaltet. 

1912—14 U])ptbreles en byggnael for heigskeilans iiistitiitiein för 
maskiii- oeh reelska])slara, senn elittills varit inrymel i muse*ibyggna- 
eleii, vilkem revs 1946. I samma byggnad mrymeles statems maskin- 
jirovningar, för vilka sarskilel byggnael sederine»ra iijipförts. 1947 
påbörjades en byggnael fe>r mikrednedegiska institutione‘n meel balj- 
växtlabeiiatnried exdi 1948 e*n restaurant- oedi karbyggnad. Ihiela be¬ 
räknas vara, tareligställela 1949. 

Sedan 1913 års statsrevisoreu* anmarkt på visst dubbedarbete» inom 
lantlirukets féirsöksverksamhet, tillsattes 1915 en keiinmitte' féir 
utre‘dning av en lämjdigare organisation på detta, eimråele. Ehuru 
utredningsmannen funim, att elylikt elnbbelarbede» endast i ringa ut- 
sträekning förekommit, oedi påpekade att detta, ur vetenskaplig 
synpunkt ingalunda, behövde vara en olagenhet, framlaeles eio(‘,k ett. 
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förslag om en oväsentlig iit.byggnad och reorganisation.i Detta 
föranledde oeksä ett förslag till 1948 ärs riksdag^, som bifölls. I den 
av riksdagen godkända propositionen förklarades iittryekligen, att 
den högre laiitbruksundervisningeris oeli forskningens arbetsområ¬ 
den oeli försöksväsendets alltför myeket. gripa, in i varandra för att 
en åtskillnad skulle kunna åvägabringas utan avsevärda olägcui- 
heter, vilket oeksä skulle medföra stora ekonomiska konsekvenser. 
Omorganisationen innebär, att rektor helt befrias frän handläggande 
av ärenden rörand(* försöksverksamheten, lian skall doek alltjämt 
represc^nt(Ta, den samfällda organisationen utat. Lärarrådets be¬ 
fattning m(‘d f()rsöksväsend(d inskränk^ss till att. d(‘ss yttrande skall 
inhämtas vid tillsättandet av högre Ixdattningar inom f()rsöks^ä- 
sendet, till vilka vet (mskaplig ski(*kligliet, kraves. k\)rsoksv(Tksam- 
het(m und(Tställdes från 1 juli 1948 en (iV(Tinsp('ktör, som år direkt 
bhvdragande for styrelsen. UiuhT (överinspektören inrattas en gvnt- 
(unot organisatioium i övrigt frista(‘nd(‘ aV(hdning f()r statistik oeh 
försöksmaåematik m(‘d eii stat sagronom, som »lårjaime skall be¬ 
strida undervisning(‘n vid hcigskiilan i dessa ammm. Dorsöksan- 
stalt(Tnas namn Iia andrats till staUais jordbruksforsok’^ oeli statvns 
husdjurstVirsök, oeli (l(‘ras för(‘ståndare .kola, alltjamt aga sate oeh 
stamma i laraiTådet, men iek(* \ara .>k\ldii;a att l)<*visla dess sam¬ 
manträden annat an i frågor, som beröra deras mstitutioiKT. Under 
()V(Tinsp(‘ktoren ha förutom d(‘ förutvarande försöksanstalterna 
även stat(‘ns tradgårdsforsök, Svmiges utsadissbiriaiing, Wtdbulls- 
holms vaxtforadlingsanstalt oeh statims \axtskyddsanstalt ställts. 
I si)ets(m f()r h(‘la organisatioiuui, som erhållit namnet laiitbruks- 
hogskolan o(*h statens lantbruksforsök st ar allt jamt (ui styr(ds(s 
utvidgad fran sju till nio l(‘damoter. Självskrivna l(*da,möt(‘r äro 
r(^ktor, ov(Tins]K‘kt()ren samt eludVii för lantbruksst>r(‘ls(‘n (‘ll(*r 
annan av (huiin* utsiMld tjänst (‘inan inom lantbruksst yivlsen. En 
r(‘])r(‘sentant skall alltjamt finnas for Ujipsala univ(‘rsit(‘t, varjamti* 
m(*dl(*mmarna i övrigt skulh* valjas sa, att styrelsen blir sa re- 
j)r(‘S(‘nt.a1 iV för sitt \erksamlu*tsomrä(h‘ som möijligt.'^ 

Vid d(*t andia varldskrig(*ts slut paborjad(‘S en omfattand(‘ u])])- 
rustning av landets hogskolor oeh forskningsinstitutioner. Eor 
jordbrukets did tillsattes en utredning 191(1, som 1917 avgav (dt 
lud,ånka.nd(*, vari en Ixdydande utvidgning av högskolan f()r(*slogs.^ 

^ anknndc* orj^nnihat inn<*ii av torsoksx crksamhi*!vri pa lordbrukcts 

oinnuJe. Avgivet, av JIMa ni.s joKibiukslur.sok.sutrvdnni^. (StaOais ollvnlli^a ut- 
j‘(MlmiiKar. lOlT: 12.) 

■** l^roposition iir Uil 

Harnunl intorJivad<’s Svenska, vall- oeh inosskull ni loreiiiiij^tni, vars byy,gna(l('r 
vid Idtuna övertagits av statens jonlbrukslorsok. 

^ Nar diditi skrives, aio ej nya stadgar uttäi<lad(‘ 

^ lk'tankando m(?d lor.slag angående nlliyggnad av lantbruks-, skog?, oeh 
veterinarhogskolorria. Av^giv(‘i av 1940 ars lioLrskokMitredning. (Statiais oftiaitliga, 
utredningar 1947: 97.) 
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Kvngl, Lantbriikshögskolm 


Kunj^l. Lnntl>rukHlio«skolaii och StatenH Lan(l»nik«- 
förHok KtAr iindor ledning av eu Styrelse, infor vilken , 
föredragning nUer av Rektor, utHedd bland jirofenso- 
rorna, överinspektören lor lantbrukets torHoksvasen, 

1 likhet med R<'ktor självskriven letlannit uv Styrel¬ 
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Statens Lantbruksjörsök. 



LX LarR Frykbolm 

Förslii^et föranledde i vissa hänseenden proposition till 1948 års 
riksdag, vilken biföllsJ Utredningens förslag ansågs böra begränsas 
med hänsyn till det ansträngda statsfinansiella läget, omöjliglictc^n 
att genomföra mera omfattande byggnadsi>rogram oeli svårigheten 
att i varje särskilt fall erhålla kompetenta sökanden. l)(^t av riks¬ 
dagen bifallna förslaget gällde också inrättandet av en samarbets- 
nämnd med repres(‘nta,n1 er för lantbruk shögskolan samt skogs- och 
veterinärhögskolari liksom närstående forskningsinstitut. Genom 
beslut av 1949 års riksdag skall institutet för husdjiirsförädling vid 
Wiad från den 1 januari 1950 införlivas med liögskolan. 


Undervisningen. 

En dir(‘kt anknytning till institutets imdc^rvisningsverksamhet. 
utgjorde <le två konsulent kurser, som uiider läsåren 1934/35 och 
1935/36 höllos för dem, som under de senaste åren ut(‘xaminerats 
från Ultuna och Alnarps lantbruksinstitut, vilka eljest, icke haft 
tillfälle till fortbildning, som deras föregångare haft i institutens 
konsulent kurser. 

En annan anknytning utgjorde regleringen av inträdesratten vid 
högskolan för <lem, som avlagt agronomexaimn i (nlighet med dcai 
för lantbruksinstitutet gälland(‘ ordningen. Enligt Kungl. Majits 
brev av den 1 september 1933 berattiga(i(*s de till intrade \ id hög¬ 
skolan, som avlagt agronomexamen vid Ultuna elh^r Alnarps lant¬ 
bruksinstitut m(*d sådana vitsord, att de skulle vant b(‘riittigad(‘att 
vinna intrade vid konsulent kursen. En ytterligare förutsättning 
var, att hirarrådet ansåge, att. sökande ag(h‘ stud(‘ntkunska}K‘r för 
minst, btdyget godkänd a n^allinjcai liksom kunska])er i t>ska och 
engelska s])råken, som erfordrades for studied av fa(‘klitlej'atur. 

Som lörutsattningar för vinnainle av intrade som ordinarie stu- 
(hraiuh» vid lantbruksliögskolau gäll(h‘ dels vissa kunskajismått 
och d(‘Is jordhrukspraktik. Det krävdes (‘iiligt högskolans stadgar 
av ar 193‘J (§26) studentkunskajier motsvarande Ixdvgtd godkänd 
i matematik, fysik och k(*mi imligt reallnijiMis fordringar samt i 
modersiualet, tyska eller <*ngelska, ocli biologi. Jlartill lad('S ludyg 
o ver kunskaiier motsvarandi» fordringarna för flyttning till det 
fyraåriga gymnasi(*ts nast högsta ring i geografi samt i det av d(* 
ovan nänimia framniand(* s])råk(*n, vari stud(‘ntkunska])(‘r i(*k(‘ före- 
lågo. De nu naninda fordringarna på studentkunskaper kunde er¬ 
sattas med avgångsbetyg från tolkhogskolans s])ecialkurs för lant- 
bruksst.uderand(‘, som organiserats 1931. Kravem j)å jordbruks- 
praktik skarptes i förhållande till fordringarna vid institutet till att 
omfatta tre års val vitsordad praktik, varav minst (dt år vid mindr(‘. 
(dl(‘r medelstort jordbruk. I iu*aktikt.id(‘n kan vist<*lse vid lantbruks- 


^ Nr J77. 
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«kohi inräknas. Styrelsen bemyndigades att ined hänsyn lill prakti¬ 
kens art eller andra kvalifikationer nu‘dgiva en avkortning i })raktik- 
tiden med högst ett är. Erforderliga kunskapsbetyg skulle vara 
högst fem är gamhi. Eran denna, regel kimde lärarrädet av sär¬ 
skilda skäl bevilja undantag. Dessa bestämmelser midergingo i 
1938 ars stadga den förändringen, att foidran ])ä nial(‘matikkun- 
skap(‘r skärptes till att gälla, även s}>e(‘ialkurs(m för studenlexamcm 
ä rea.lgymnasi(*t (§28), varjamte 1943 jmiktiktiden sänktes till två 
är. Dan^st fler intrad(‘Ssokand(‘ an det för läsåret bestiimda antalet 
fanns, gav st.orre skicklighet i de grundläggande^ amiiena. och vitsord 
om grundligare })raktisk utbildning företräde (§ 30). t\)rutom or- 
elinarie st.udeTaiide kunde s[H‘cialstud(‘rand(* antagas, sedan larar- 
radet funnit, att. veMlerborande agde de^ erforderliga insikterna fer 
att. kunna 1 illgeKlogera sig unelervisiiing(‘n, i ele ämne^n som han an* 
malt sig vilja dedtaga i. Antalet e>relinarie‘ st iid‘raiiele. som skulle‘ 
antagas, bestameles a\ styredseai (§0). Antaganded skeMlde av larar- 
råelet (§11). 

Enelervisningen var avgillsfri i motsats till vaei se)m gallele under 
institutets tiel (§31). Deai var e»e*ksa obligatenisk, jneai viss bedriedse» 
kunde jue*elgivas a\ lararraelet (§32), Eran oedi me^ei lasaret 1919/50 
avse\s intraele‘sferelringariia jainv.d skeda mnlatta godkänt avgångs- 
bedyg fran huvuelkurs vid lantmannaskeda inul vskoljerelbruk edler 
från lantbruksskeila. Dylik kurs skall fa. inraknas i eieai euderelerliga. 
jraktikem, senn ele^ssuteim skall be‘sta av egemtligt jendbruksarbede 
uneler minst edt ar. llarav skeda se*\ maiiaeler ha lullgjends viei an¬ 
nat jerelbruk an feralelrars edler (\ged e»edi vid edt eiedi samma jerel- 
bruk. llärigeaieim lH»])pas man kunna begransa. ehai ede‘me*ntara 
uneler\isninge*n vid lie)gsk(dan. 

l)e‘ e*\amiiia, se)ni kunna avlaggas \ iel lie)gskedan, aro jämlikt 
staelgarna t va: agre)ne)nie\anie‘n e)edi agre)ne)nne lieauitiatexanien. 
l)e‘ssa examina, kunna eaielast avlaggas v iel högskedan. Den fere*- 
slagna agre)ne)mie kaiielielate*\aine‘n nie*d ste)rre spiMdaliseudng nu*n 
me‘d begransael ke)inpede‘ns i feuhallanele till agre)nome\ameui, har 
dareuneit tills vielare* e\j re‘aliserats.‘ 

Eeir agremeimexamen utfardaele Kungl. Maj:1 elem 15 augusti 1933 
en särskilel staelga. l svf(e‘ alt tillme)tessga kraveai ])ä spe^dalisering 
infe)rele‘S t re st ueliedinje*r, beaianinela jeereibrukslinjeai, liiiseljurslin- 
jem eadi de^n eke)ne)niiska linjeui. De i ele olika, linjerna ingaeiiele ani- 
nema bestämdes meul hansyn till ele aninessoniraeleau som steieh) senu 
ele cemtrala, namligeai jerelbrukslaran, hiiseljurslaraii eiedi lantbruks- 
e^kemeunin. 

^ Tdl ho^skoljin »r, i hkh<‘1 nu‘d \i\d t.illot vant tidigan* vid institut(‘i, viss 
uiid('r\’isnii)y: a\^ laid hniksni^anjoior toHajird, tadigt det tnrsta rOLdiMnentot tor 
<lossa. h(*fat t niiigsliavare a\ ar I sek"* tordratlos for sokaiidf'1 ill (janst Koiii Jaiit t»niks- 
ingtaijor fiillstandi/j: kurs Md ett av statens lantbruksinstitut, vilkiai fordran 1911 
.sanktes till en ettårig kurs, vilket krav heliållits under högskolans tid. 
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Då krav restes på att kunna få avlägga agronomexainen utan den 
i dessa tre linjer förekommande specialiseringen, inrättades med 
läsåret 1943/44 en allmän linje. 

Från oeli med läsåret 1949/50 är en niaskinteknisk linje planerad. 

Undervisningen å varje linje består av två delar. Den första om¬ 
fattar de för den senare delen grundläggande anmena. 

Ämnena indelades för de olika linjerna till en början i tre princi- 
pi(dlt skilda, grupper, för vilka olika fordringar gälld(‘. För betygs- 
ämnena, vilka utgöra, den första gruppen, utfärdades på vanligt satt 
differentierade betyg. För den andra gru])])en, som omfattade de 
för vederbörande linje mindre viktiga ämnena, benämnda slut- 
förliörsärnnen, anställdc^s torhör, varvid de ådagalagda insikterna 
vitsordades genom intyg, att kursen tillfredsställande eller väl in¬ 
hämtats. T de minst betydelsefulla äijiiieiia, kallade kursämnen, 
ägde de studerande att följa undervisningen. Dävest denna nöjak¬ 
tigt inhämtats, erhölls intyg harom. 1943 avskaffades denna sist¬ 
nämnda grui)p, varvid slutförhorsarunena fingo b(*t<‘ekningen för- 
hörsämnen. For jordbruks-, husdjur;>- om elvr)n()miska linjen galler 
från 1913 en rätt att ])orl välja tre f(u*l)orsamn(‘i». Tidigare var 
bortvalsrätten inyeket \idvHtraekt. r.vjoneu kan avläggas å mer 
au en linje, varjämte betyg(*u kunna konipUttejas. 

Agrorioinkurscm är treårig, men st adiet nien har i praktiken visat 
sig taga i g<momsnitt mm* an tre oeh ett lialvt ar. 

Den 3 april 1930 utfardade Kimgl. Maj:t stadga för agronomie 
lieeiitiatexamen. Denna examen avlagg<ss i t vä jimnen, i vilka pro- 
f(\ssur(‘r inrättats vid hogskolaii. Härvid Ixdiamilas professnrs 
ämnesområde såsom ett examensämne. Ihiri gjordes doek 1911 
den ändringen, att syst(‘matisk botanik o(*h arftlighetslara, före¬ 
trädda av en ])r()f(‘SSor vid hogskolan, skulle betraktas som två 
(‘xanieijsammui.* Medtagandet av annat åmiH‘ kan med.givas av 
Kungl. Maj:t. D(‘t ena ammd betraktas vsom huvudämne. 1 detta 
anme fordras två betyg oeh for li(*la exaiiHUi tn* betyg, ilartill kom¬ 
mer krav i)å vn vid enska plig avhandling, som av examinator god¬ 
kants. Ansökan om (^xaineii provas av lärarrådet. 

191L^ till(*rkäiid(‘s högskolan ratt att promovera agronomie dok¬ 
tor.^ 


Lärartjänster. 

Enligt 1931 års projiosition om laiitbriikshögskolan, som av riks¬ 
dagen g()dkand(^s, skull(‘ tolv ordimirie profrssonr finnas.*^ 1’rofes- 
sorer skulh^ finnas i laiitbrukskemi, bakt(‘ri()Iogi, marklära, kultur- 
t(‘kiiik, husdjurmis anatomi oeli fysiologi, liusdjinxais avels- o(*h 

^ SvoTisk 1941 nr r>9 (s 1-7) 

2 A. a. 1942 nr 001-002 (s 129:U.) 

2 Se av'en proposition iii 219 vul 19112 iirs riksdatj:. 
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ranlära, husdjurens utfodring ocdi skötsel samt i lantbruksekonoini 
med handelslära ocli bokföring. Vidare skulle ämnena lantbruks- 
botanik oeh lantbrukszoologi samt allmän ärftlighetslära företrädas 
av två professorer liksom ämnet jordbruk slära. Propositionen för¬ 
utsatte, att åtta professurer nied hänsyn till undervisningens omfatt¬ 
ning under högskolans första läsår skulle vara tillsatta, när under¬ 
visningen toge sin början. Sex av dessa, som till sitt förfogande 
skulle ha en institution med utrustning, borde lämpligen få med¬ 
verka vid institutionens iordningställandcs varför d(' borde vara 
tillsatXa redan den .1 juli 19.S2. Däremot, ansågos })rof(*ssuren i lant- 
bniksekonomi oeh den ena av botanikprofessnnTna kunna anstå 
till 1933. Under förutsättning att eentralanstaltens avdelnings- 
föreståndare för kemi ieke förklarade^ sig villig att åtaga sig under¬ 
visning i marklära, skulle ])rofessureu i marklara tills vidare^ lämnas 
ob<\satt, varför undervisningen i detta amne skulh^ ombesörjas av 
prof(‘SSorn i lantbruk skemi. 

Bland a.vdelningsföresständarna vid eentralanstalten var det en¬ 
dast föreståndaren för dess bakteriologiska, avdelning, som för¬ 
klarade sig villig att åtaga sig undervisning, varför han överflyttades 
till profesH(»r i mikrobiologi, som ämnesområdet benämmh^s. 1 (‘U- 
lighet m(‘d propositionens direktiv inrättades för de båda övriga, 
avdelningsfeinsståndarnas ämnesområden professureu* d(ds i lant- 
bruksk<‘mi o(*h dels i syst(*ma,tisk botanik oeh arftligliidslara.^ I 
1931 års proposition hade def)artementselntVn förklarat, at t den (‘ua 
botanik])rofessur('n skulh' ha sm tyngdpunkt förlagd till ärftlig¬ 
hetslära oeh växtförädling. Kör ämnet vaxternas anatomi oeh fy¬ 
siologi inrättades dareunot en sfH*eiallararbefattning, som l)(‘str(*ds 
av doeentotipendiat till 1935, då vederborand(‘ avdelningsforestån- 
dare vid eentralanstalten åtog sig undervisningen. Undervisningen 
i marklära kom (‘j att bestridas av professorn i lantbruksk(‘mi utan 
övertogs av vederbörande avdelningsfore^ståndare' vid ecaitralan- 
stalten tillsammans med doeent i amnet. Kfter den förres bortgång 
tillsattes prof(‘Ssuren 1935. 

Den i propositionen forutsatta hopkopjdingeii a,v lantbrukszoo¬ 
logi metl botanik, som rönt stark kritik geuiom att den gjorde ämmss- 
området alltför stort, havdes genom att Kungl. IVlajd 1931 bemyn¬ 
digade hogskoh*kommitterade att, tillsatta, en speM*ialla,rare i vaxt- 
patologi oeh lantIwaikszoologi, vilket 1932 andrades därhän, att, två 
speeåallarare feir de*ssa, aninese)mraelen fingo utses. Vid eleras tillsät¬ 
ta nele*. änelraele\s bedee^kningeui vaxtjiatedogi till vaxtsjukde)mslara. 

Ifraga, e)m jreifessurerna ar särskilt att marka, at t, ele t v a jrofes- 
surerna i jeireibrukslara komine) att galla växtexllingslara eieh allmän 
jordbrukslara samt att lan t bruk sbo k förin gen liksom handelsläran 
uppdre»gs åt speciallärare vid sidan av professorn i lantbrukseke)ne)nn 

^ Ordet ullman hortfoll alltså. 
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ined liandtdslära. Den sistnämnda professurens beteckning blev med 
läsåret 1943/44 lantbruksekonomi med marknadslära, då spe(*ial- 
lärar(d)efattningen i stället fi(‘k gälla marknadslaran. 

Professurer funnos vidare i hnsdjurims anatomi och fysiologi, 
kulturteknik eller, som den snart andrad(‘S till, agronumisk hydro- 
teknik, husdjurens avels- och raslära samt husdjurens utfodring och 
skötsel. 

Antalet professorer utökades 1939 till 11, då jordbruks- ocli hus- 
djursförsöksanstiilternas för(*ståndare inträdde i lärarrådet. 

1 samband med liögskolans allmanna upprustning har beslut fat¬ 
tats om inrättande av tre nya professurer fran och med d(ni J juli 
1949 i marknadslara, våxtsjukdoinslara och organisk k(*mi. Den 
amlra keiniprofessureii skall omfatta allman ocli oorganisk kiuni. 
Innehavaren av professurcui i vaxtsjukdornslära o<‘h hiboratorn i 
ämnet forutsättas vara specialiserade så, att bade d(‘Ti zoologiska 
o(*li botaniska delen av ånin d tillgodoses. 1949 har också bestamts, 
att föreståndaren för högskolans niaskinteknisKa institution skall 
aga sate och stamma i lararradet med 7 )roiVssors titel. 

Högskolans ordinarie professorer utgöra lararradet. Till d<‘ss 
sa,niniardräd(‘ri kallas o(‘kså i regel tilllörordtuuh* professor<*r. Öv¬ 
riga laran» äga att narvara vid 1‘rågor, vsom beröra undervisningen 
inom d(*ras läroämnen. Endast ordinari<‘ prohssorer handlagga be- 
f()rdringsarend(‘n. 

Vid sidan av de nytillsatia professorinaia tjaastgjordi» som s])e- 
ciallarare t va av institutets professonn*, som ej natt XHuisionsåldern, 
pa övergångsstat. Den (‘lu» b(*str(Ml und(‘rvisning(ni i oorganisk kiuni 
och geologi. Då denne uppnådde pensionsåhUaai, overtogs under¬ 
visningen av professorn i lantbrukskiaui och s}>eciallarar(Mi i geologi. 
Den andres undervisning gällde husdjurens halso- och sjukvårds- 
lara. Efter hans bortgång ujijidrogs undervisningen åt en special- 
laran*. 

Professur tillsättes eft(*r sakkunnigforfaramli*. 

Högskolan erhöll vid sitt u])prattande blott (*n lahoraiorxbejatUiing. 
D(»t A'ar laboratorn pa cent ralanst all ens avdelning for kimii, som 
atog sig undervisningen i allinan och fysikalisk kcuni. 1910 tillkom 
laboratorsbefat(ning i växternas anatomi och fysiologi och en i 
systematisk botanik och ärftlighet slå ra. th*an 1 juli 194tl avses d(*tta 
slags b(dattningar utökas med laboratorer i vaxtsjukdomslara, 
växtodlingslara, jordbrukslära, marklara, mikrobiologi, agroiioniisk 
hydrot.eknik och bokforing samt två laboratorsbefat!ningaT vid 
institutionen för maskin- och redskapslära. Fcir laboratorn i vaxt- 
sjukdonislara har kompetensen lasstamts med hansyn till jirob^ssorns 
i ämnet (se ovan). Jaiboratorn i marklara har att förcdrada agro- 
pedologi. Lektorslx^fattningen i fysik o(‘li nndeorologi avses att 
efter den nuvarande innehavarens avgång förändras till laborators- 
tjanst. 

V - 4S]l>Ö Kunrfl Lantf>rukfiho(f.skofanfi Annaler Vol. 1<> 
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Laboratorsbefattniiig tillsattes efter samma grunder som profes¬ 
sur. 

1944 inrättades ett lektorat i fysik och meteorologi, vilket, som 
nyss nämnts, mtnl den nuvarande innehavarems avgång avses att 
omvandlas till en laboratorsbefattning. Ett 1946 inrättat lektorat 
vid maskintekniska institutionen har aldrig tillsatts och skall upp¬ 
höra med den 1 juli 1949. 

Högskolan tillerkändes från början fem doeeyitstipendierj ehuru 
hela detta antal ej fi(*k disponeras forran se^nare. Från 1 juli 1949 
avses antalet höjas till åtta. Docent tillsätles av styrelsen. 1 praxis 
har sakkunnigförfarande ibland förekommit. 

Vid högskolan skulle enligt det ursprungliga förslaget finnas sex 
speciallärare tillsatta av styrelsen, varvid sakkunnigförfarande 
användes. Antalet höjdes dock redan 1932 till sju, och har efter 
hand ytterligare ökats och utgjorde vid utgången av läsåret 1947/48 
ad erton. 

Speciallärartjänsten i växternas analomi och fysiologi, tillsatt. 
1932, uj)phörde 1935, då vederbörande^ avdelningsföreståndare vid 
(^entralanstalten förklarade sig villig att upprätthålla undervisningen 
i ämnet. Motsvarande be‘fattning i växtsjukdonivslära, som omfattar 
ämn<‘ts botaniska del, skall från och med den 1 juli 1949 ersattas 
av prof(*HSUT i ämnet. Samma befattning i lantbrukszoologi, en tra¬ 
ditionell 0 (*h föga betecknande benämning på ämnesområdets zoo¬ 
logiska del, ersättes från samma tidpunkt ni(‘d en laboratorsbefatt¬ 
ning. För matematik inrättad(‘S en särskild sj)e(*iallärarbefatt- 
ning. Från och med läsåret 1937/38 inleddes undervisningen i fy¬ 
sik ocli meteorologi im^d föreläsningar i matematik, o(*h från och med 
läsåret 1941 /42 övertogs matematikundervisningen av specialläraren 
i nyssnämnda amnen. Sj)eciallärartjänsten i fysik och meteorologi 
omäiidrade‘S 1944 till (*tt lektorat. Under högskolans första läsår 
tillsattes en speciallärarbefattning i nationalekonomi imHi statistik. 
Från och med läsåret 1944/45 överfördes statistikern till e*n meMl 
läsåret 1941 /42 inrättael speelallärarbe^fattning i försé)ksstatistik, 
vilken elärme*d fick hehi statistiken till sitt. ämnesområde. Frän och 
nie‘el 1 juli 1949 skall en statsagronombefattning i försöksstatistik 
vid sta lens lantbruksförse>k inrättas, vars innehavare därjämte 
tjänstgör som speciallärare i statistik. Med läsåret. 1933/34 tillkom 
en speciallärarbedattning i maskin- och reelskapslära, som meel läs¬ 
året 1945/46 omvaneUaeles till en huvuellärarebedattning. Denna 
befattning har upphävts 1949 i oe*li med den ovannämnda, om- 
e)rganisatie)nen av undervisningen på detta ämne8e)mrådec Meel läs¬ 
året. 1933/34 tillkom en speciallararbe^fattning i lant bruksbe)kföring, 
se)m avses al t upphöra 1 juli 1949 me^d inrättandet av en labejrators- 
befattning i bokföring likse>m em 1947 inrattad speciallärarbefattning 
i af farsbokföring. 1935 tillkenn en si)eciallärarbefattning i handeds- 
lära, som med läsåret 1943/44 betecknades som marknaelslara och 
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från 1 juli 1949 skall ersättas med i)rofes8ur i ämnet. En 1940 in¬ 
rättad speciallärarbefattning i geologi avses att från 1 juli 1949 
indragas i samband med iiirättiiudet av en laboratorsbefattning i 
marklära. 

Speeiallärarbefattnirigar, som ieke undc^rgått några förändringar 
med hänsyn till sina beteekningar, omfatta följande ämnen: fält¬ 
mätning, inrättad med läsåret 1932/33, husbyggnadslära 1933/34, 
mjölkhushållning, författningskunskap ovh pedagogik, alla tre in¬ 
rättades från läsåret 1934/35, oeli skogsskötsel 1940. 

En befattning som biträdande larare har funnits i lanibrukseko- 
norni med handedslära läsåren 1935/30—1939/40. Mn dylik befatt¬ 
ning finnes oekså i lantbruksbokföring från läsåret 1917/48, men 
indrages i samband med iipprattandei av en laboratorsbefattning i 
bokföring från den 1 juli 1949. 

Erån oeh med läsåret 1947/48 har ett arvode, beräknat i likhet 
med speciallärares, utgått f(>r undervisning i jordbruksiKditik. Detta 
avses do(*k upphöra 1 juli 1949 med inrättandet av professuren i 
marknad sia ra. 


Föreståndare och rektorer vid Ulliina lantbruksinstitut 
och lantbrukshögskolan. 


1840—1802. 

1862—1803. 

1803— 1804. 

1804— 1871. 
1871—1874. 
1874—1892. 
1892—1902. 
1902—1928. 
1928—1932. 
1932—1940. 
1910—1943. 
1943— 


dohari Arrlnuiius. 

JMehard Tlru* von l\Kst. (T. f.) 
Karl Erik Ihugstrand. (T. f.) 
Herman Aniéen. 

Hjalmar KylbtTg. 

Eabian Norstrojii. 

Herman duhlin Dannfelt. 

Abra h a m Sj ös t rom. 

Herman Simmons. 
tdiristian Darthel. 

Herman Elodkvist. 

1? agn ar A i Isson. 


Sumniary. 

The Adraneed Agricidtural Edneation at Vltuna During 
a Hundnd Yenr, 

The diseussion about agri<'ultural edueation in Sweden b(‘gan in 
the eighteentli eentury. In 1722 Anders (iabriel Duhre pro])os(^d 
an aead(Miiy of applied sei(*nees at the Hoyal demesne Vltuna Kungs¬ 
ladugård, situated seven kilometres soutli of T"ppsala. The planiKui 
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agTicultural education was, however, not realized. About tlie iniddle 
of the century chairs of eeononiy, wliicli included agriculture, wero 
established at the Swedish universities but they never becanie of 
iinportanee for tln» aj^rieultural edu(*-ation. A speeial ehair of aj?ri- 
eiiltural edueation, established in 1759 at Uppsala, was later trans- 
ferr(»d into a ehair of botany and praetieal economy. 

About the iiiiddh* of the (ut^hteenth (*entury an ajurieultural sehool, 
espeeially for slieep br(‘(*dinj^, is said to have existed at the Koyal 
demesne Ilöjentor}). It was later transfcTred to Alingsås. Tlie inat- 
ter is, however, not suffi<‘ieritly investigated. From the beginning 
of the nineteenth eentury several attempl-s were made to establish 
agrieiiltnral scdiools for praetieal edueation. Tlu* first institution 
for both theoretieal and praetieal edueation was established in 1834 
at Degeberg by Edward Nonnen. lle reeeived at on(*e eontributions 
from the government.. A plan for an agrieultiiral institutte at VlUtna 
KungHladugärd, drawn u]> by tlie iionourable Kob(‘rt von Kramier, 
governor at Ui)])sala, in 1839 was ae(*,(ej)ted by the Sw(edish parlia- 
m(*nt in 1849. The first ordinary eoiirse b(‘gan there on 0(*tober 
li4th, 1819. 

Th(‘ (‘ourse. whieh last(‘d for two yt^ars, was pratdieal as wt*ll as 
theoretieal. In 1892 the instruetion beeame only tljet>rt‘ti(‘al. From 
the year 1912 an ()ne-y(*ar long eourse of more speeializetl nature 
was given, l^linna LntithrukainsHinl^ wliieli w'as tht^ namte (,f 
institutte, Wiis mainly ati institution for ativaneed agritailtural 
edueation. 

In 1932 t hte Lantbruksinstitut was rej)lat*(‘tl by Lantbruks- 

hogskolati (The Agrieiiltnral (Vdlegt*), that. vvas meant tt) heeome a 
teaehing anti a- researeli eentre. Crntralanstaltrn for jorsoksråsmdvi 
på jordbruk som rädd (The (Central Agrieultural Experimtent Statitin), 
estat)lislit‘d in 1907 at Experimentalfaltet in Stoekiiolm, was trans- 
ferrotl to the (\dlege witli ext*eption t»f the plant pathtdogy seetit)n, 
wdiieh was organized as /^tatrns räxtskgddsanstaH (Tht* (Jovternment 
Plant l^rtdetdit)!! Institaitt*) in Stoekholrn. From duly 1st, 1948, tlie 
tiffieial name of the organization at Ultuna is Ku ngt. lanibrukshog- 
skolan och statens lanibruksjorsok (The Ktiyal Agrieiiltnral Utdlege 
and ]Natu)nal Agrieultural Keseareli (Vntre). The buildings of 
Svenska vall- och mosskuHurforetiingen (The Swtedish i^isturt* and 
Peat-Pog Stieiety) were from July 1st, 1948, taken over by the 
(Villege and the Hest*areh Uentre. From Jan. 1st, 1950, Institutet 
for hiisdjursforddling (The Animal llreeding Institute) at Wiad will 
b(e a division of the Uollege Institute of Animal llreeding. The 
(k)llege and the lves<*areh Uentrie has a staff of eighteen full pro¬ 
fessors, twelve laborators (p(*rmanent researeli workers and teadiers 
with a. salary below^ a. full ju-ofessor), and thirt(een doeent s (eomjiar- 
able with assistnnt professors). Also there are many researeli leaders, 
superintendents of ex])erimental farms, first assistant and assistants. 
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Th(‘ firfit degree ohtained is agrommexamen (similar to Bac.belor of 
Seieiieo in Agrieulture). This dogroe (*an be r(‘aehed after tliree 
years of studies and may be obtained in agronomy, aniinnl luisbandry, 
(»eononiy, agriciiltural engineering or gemeral agrieulture. The next 
degre(‘ to be obtain(‘d is agrommic licentiatexamen (comparable 
with Ma-8t(‘r of Science in Agricailture), for wliicli (‘.ompreliensive 
examinations in two subjeets and the j)re})aritig of a fliesis are 
ue(*e8saTy. The degree of agronom ie doktor (l)oot.or of Agrieulture) 
is re(*-eived af t er a printed th(‘sis has been suce(*ssfully defended 
in public. 
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The Koyal A^ricult ural ColleK<" was foimdecl in 193li as a con- 
tiniiation of the previous Ajrrioiilt ural Institute at Ultuna. In 
19S9 the a^^ri(‘iiltnral exjierinierit stations at Experimentalfaltet 
near Stoekholm were eoorj^anized witli t.he (V)lle^e. A further re- 
orjifanization took plaee in 1948 and from t his time the offieial 
nariH^ is Kungl. Lantbrakshögskolan och ^^iatnts Lanihraksförsok (The 
Jk)yal Ai^ri<'ultiiral C-olle^e and the National A;^ri(*iiltiiral Heseareli 
Cent re), a<ldress: Uppsala 7. 

From »luly 1, 1949, the Oolh‘^(‘ consists of eijxhteen institiites 
with full professors as heads, oiie institul(‘ N\ith a 'h^ktor' (leelurer) 
as a ehief, and a library. There ar(‘ also tw(*lv(‘ laborators (a 'labo¬ 
rator' is a permammt res(‘areh work<T and t(‘aeher with a salary 
below a full professor and eomparabh* with an assoeiate professor), 
thirtecn doecmts (a 'doeent’ is eonii)arable with an assistant pro¬ 
fessor), many researeh lea(h‘rs, superintendents of e\]>erimental 
farms, and assistants of various de^rees. 

4'he first d(*^ree obtained at the (\)11(*^(‘ is agronotavjatava (simi¬ 
lar to TJaehelor of Science in Aj^ri(*iilture). Jt may b(‘ obtaim*d in 
a^^rononiy, anirnal husbandry, e(*onomy, a^iicultiiral en^iin(H*rin^, 
or ^^en(‘^al a^rriculture. Tho nox\ de^rnn* is agroaomlc lUrnilaUxanwn 
(comparable with Master of Science* in A^riculture), for which 
comprehensive examinations in two subje<*ts and tln* preparino- of 
a, thesis are necessary. The d(‘^xree of agroaomie dokfor (Doctor of 
A^riculture) is rec-eiv<‘d after a printed th(‘sis lias been success- 
fully (l(*fi‘nd(*d in public. 
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Chemical Institule with Analytical Laboralory. 

When th(‘ A^^riculturiil Colle^(‘ was (\stablislu*d in 1982, t lie 
mieal Instituto was taken over from tln^ Swodish ('entral A^ri- 
(‘ultural Kxperini<mt Station {K\[)erimentalfaltot) near vStookholrn 
whieb, in t urn, in 1907 suc(*eed(Ml llio (liomical Laboralory (foundod 
in 1857) of tlie Iloyal Sw(‘dish A(*adoniy of AKneiilt iire. Until the 
reor^ianization in 1982, tlu' researi li i)roi>Tam Imd b(*on domiruited 
by soil fertility problems; sonie ar<* still studn^d in tliis institute, 
even sinee an indepmnhmt insUtiite of soil seionee was or^janized 
at the eolle^^e. 

In eonseqneiiee of th(‘ n(‘\v responsioility for stmhnit instruetion 
it was fonnd neeessary to .nibdivide inslitntt' inro two divisions, 
one for r(‘sear('li and t(‘a(liin^, rid t In* olht r with its maiii dulies 
devotcnl to analytical s<‘rvu‘(" to other inrtilnl.es. A V(*ry bri(*f survey 
of the activities of tln^ institule, under the Ihree headin^^s of rese- 
ar(*h, lea(*hinm, aml analytieal s(»r\ ice, will be ^ven below. 


l\VHi‘ayrh. 

TIn* jirolilems slndi(*d at tln* inslilute may be classifiiMl as follow^s: 

l)(»ficiency diseas(*s in animal husbandry: 

IMca ainl related diseas(‘s in caTlh*. 

Malnutrition in Kln*e]). 

K(*rlilily as r(*lated to environnu^ntal la(*lors. 

IIors(‘ ana(*mia in iiorthern Sw(*deii. 

Analylieal niethods: 

Soils: (‘xtraclion of ])lanl nnlriimls (llie laclali» bulTer solulion 
develo[)ed h(*re has b<*en us(‘d t|uil(* extensively in farm ma])- 
pin^r, parti('ularly in Swedeii and (icrniany). 

rhosi)horns: i)hoto-eh‘clric melhods for ronline work. 
Potassiuni: flanie ])hotom(*try. 

Ijinie recinirennml: aciciinu tric* litralion of lactate (^xtra(*ts 
(»base nunib(T»). 

Phosphoriis: variations in the composition of phosjihomo- 
lybdate, and its utilization in ])recision analysis. 

Sul])hur: nephelomcdric delermination in low eoneentrations. 
Chlorate: reduclion and ar^nmtometric titration. 
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Sodiurn: determinatioii as magnesium uranyl acetate. 

Nitrate: methods of redueiion to ammonia. 

Ammonium: sources of error in distillation. 

Fatty acids: separation through distillation. 

Minor elements (see below): developnient and adaptation of 
mi(‘ro-methods. 

Ton ex(*liang(Ts: adaptation of teehniqiie to analysis of rain 
water. 

8ugar and otlier (*arbohydrates in hay: nudhodology. 

Crude fiber in feeding stuffs: (*omparison of proposed methods 
and its different constituents. 

Urinary and fecal nitrogen in birds exereta: S(‘paration niethod 
develoi)ed, mu(*h wanted for del ermination of the digesti bi- 
lity cneffieients of proteins in ])oultry (et al.) feeds. 

3. (^omposition of athmospherie preeipitates, especially with regard 
to nitrogen eompounds, and of free air. 

4. Se(*ondary and minor elements: their irnj)ortane<‘ in plant and 
animal nutrition in Sweden: magn(\siimi, sulplnir, eopper, manga- 
nese, boron, eobalt, iron, and fluorine have been studied. 

5. Losses of ammonia nitrogen from manun*, and nndhods of (*on- 
trol. 

(). Studies of long-life nitrogen fertilizers of the »ureaform» type. 
7. Relations between the eomposition and seleetive dig(‘stibility 
of different fraetions of the erude filan* and nitrogen l’r(‘e exlraef. 
of fe(*ds. 

Tearhing. 

The eurrieulum in chernistry for the first (‘ollege degrec^ eom- 
prises: 

1. A brief reeapitulatioii of inorganie ehemistry; all the students 
have had several years of chernistry. 

2. An elem<‘ntary eourse in physi(‘al ehemistry. 

3. (xeneral agrieiiltural ehemistry: bioelements, organie ehemistry, 
bioeatalysis. 

Spe^nal agrieiiltural ehemistry: eomposition of erops and feeds, 
fertilizers, dairy ehemistry, fungieides and inseetieides. 

4. A short laborat-ory ('ourse in qualitative and quantitative analy¬ 
sis. Since the m^ed of ehemi(*al knowledge varies a good deal 
in the various eourses of the college, two different laboratory 
eourses are givini. For honours, a special investigation of some 
a(‘tual eJiemieal problem is required. 

The requirements for the seeond degree (lieentiate) varies a great 
deal, depending on the speeialization of the student in question. 
Most lieentiate students have taken ehemistry as a se(‘ondary sub- 
jeet. Sj)eeial eourses in organie synthesis, and physieal ehemistry, 
with a stress on analytical applieations are given. 
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Analytical Laboratory. 

The niajority of iJie staff loealities, and grants of t\w insfitiit(‘ 
are devoted to the Analytieal Laboratory. Ko (diarges are made 
to the »customers»; the National Agrieultural Ex})erinient Sta¬ 
tions dominat(‘ among these. No analyses aro made for private 
eustomers. 

Last year some 85,000 determinations were made on iiiore than 
20,000 samples of most varying ehara(*ters: soils (8,000 samples); 
manure and fertilizers; grain, hay, silage, and other feeds; oil seed; 
rnilk and blood; and many other intcTiiK^diate or final produets 
from the resc^areh work earried out in varioiis divisions. 

Tn addition lo the (‘ollaboration partieiilarly of the analytieal 
servi(*es rendered t.o other institutes, many of the problems men- 
tioned above, and otliers, have beiai stndied iti (*ollaboration with 
other institutes, g., the Ivoyal Swcalish \'eterinary College, the 
Veterinary Institiite at Skara, institutions of the Dnivcrsity of Upp¬ 
sala, the eounty agents of various provinees, tlie Koyal Swedish 
Meteorologieal Tnstitute ete. 

From the date of July 1, ItUO, teaehie.g and resear('h in Organh* 
ehemistry will be taken ov(‘r by a new liiötitutt* of Organie ('Inmiistry 
at the Collegi*. 

Olof Scanhrrg, 


Institiite of Plant Systeniatics and Genetics. 

From a very modest start in 1982, when t-ln» direetor and a labo 
ratory assistant made n]) the staff, the Instituti^ of IMant Systema- 
ties and (hmeties has slowly dev(*lop<Ml during the last twelve years. 
Fending the ereetion of a new building its lieadquarters, however, 
ar(* still loeated in the old eollege building, \vhi(*h means a great 
drawbaek to the seientifie work. A most neeessary eomphmient 
to the institiite was added in 1987, when the botanieal-genetieal 
garden av as (»stablished. It is sitiialed at. a distanee of about 1 km 
from the eollege building and (‘OA^ers at the ])resent an area of 
12.5 ha. 

The iiiadequate spaee provided for the institutc* ineludes a stu¬ 
dent (‘oiirse laboratory, a eyt.o-geneti<*al laboratory, two researeh 
laboratories, tAvo herbarium rooms and an offica^ Store room and 
a dark room are situated in the basenient. A small wooden buil¬ 
ding (»the garden house») was eretited in 1988 in the botanieal-gcme- 
tical garden eontaining six rather primitive rooms on the lower 
floor and two in the attie. In the same year three greenhouses were 
built,and some hot-beds and eold-frames Avere eonstrueted and put 
in use. The greenhouses and the hot-beds ari^ lu^ated from the hea- 
ting plant in the basenient of the garden liouse. There is also a barn 
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on ihe preniises, erected in 1947, with npace for tlireshing and fann 
macdiinery, worksliop, sced storago, oto. 

The present staff of the institiito includes laborator, docent, 
laboratory assistant, field assistant, aniannensis, two laboratory 
technidans, gardener and two garden lielpers. To nieet the needs 
of llie institute, however, several extra helpers have to be ernployed 
for the Work in the laboratories, as well iis in tlie garden. 

Tea(*liing is organized in the form of lectiir(‘8, demonstrations in 
the field and in the garden, and laboratory courses, with preferen(*.e 
for the courses. In systematic*. botany two courses are given, viz. 
in cryptogams and in embryology. In genetics also two courst^s 
an» given, viz. in cyto-geneti(*,s and in Crossing analysis, the latter 
being based on Drosophila and to some extent on barley as experi- 
inental object-s. 

The following statements will give some idea of Ihe lines of rese- 
arcli and experinu^nt being condu(*t(‘d by memlxTs of tlu» staff. 

l^lant ))re(»ding has been on the program since 1939, and this work 
is carried on in different plant groux)S and with diff(»rent methods. 
Hel(»ction work is going on in wild type material collc(*ted in North 
America and in Sib(»ria, cspecially of grasses, and some of thes(». 
tyi)es are soon ready for distribution. A syst(»matic nse of colchi- 
cine has led to the x)rodu(dion of a number of tetraidoids in forage 
plants, field roots, oil plants, veg(»tables and ornamental ])lant-s. 
Some of the more promising tetra.])loids have been handed ov(*r to 
the Plant- Bre(»ding Institute Weibullsholm for mnltiplication and 
distribution. CUiromosome-doubled alsike and r(‘d c1ov(t, sur})as- 
sirig the parent strains by 15—30 will t-hus b(‘ ])ut on the marked, 
in 1950. Am])hidiploids and intergeneric hybrids have» alse) be»en 
pre)due*ed, anel st uelie*s of X-ray e»ff(‘ed.s on varie)us })lants are* going e)n. 

The write*r e*e)ntinue‘s his the*oretie*al we)rk on the ecotyi)ie*al elif- 
fe»rentiation in various ])lant sj)ecie*s. These studie‘s are based on a 
ratlie»r extensive ma.te»rial ce)llce*.teel in eliffe»rent. edimatie* re*gie)ns, 
ne)w growing in tlie botanical-ge*ne1ie*al garden. Hedda Norelen- 
skiölel is earrying on lier we>rk e)n the synthe»size‘d hexa-ple)id ti- 
mothy, pre)elue*e»d fre)m the* wild-gre)wing diploid FhU wm nodosum. 
Iler we)rk e)n the ediromosome emielitie)ns in the Se‘anelinavian spe- 
e*ies of the genus Luzula is now exte*nde*,el also te) fe)re*igu sj)e*cies, aim- 
ing at- a e‘ombined genedical anel taxe)nomie*al attack on the genus. 

In Ctdamagrosiis Nygren pursues his stuelies in the* e*volutioii 
of the*. speci(»s of this genus, concentrating on the e)rigin anel the 
mee‘ha-nism e)f apomixis. The relatie)n between me*iosis anel mito- 
sis, anel the e*e)neUtions iiifluene*iug the e)e*curence and the moele e)f 
medosis, are e*lo8ely fe)lle)wed up. Tn the blue grasses, bedonging to 
the Foa 9-group, Nygren stuelies the break-ele)wn anel the 

ree)rganization of apomixis, a stuely of importane*.e alse) te) praedical 
plant breeding. Lövkvist e*ontiniies his cytoee*e)lejgieal studies in 
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th(‘ ^^enus Cardamine, inore ospecially in Cardaminv pratemis. The 
correliition fourid by him belween (‘hromosome raees and eeologie 
ni(*hes is of iini)ortance for tho unders ta nding of the »adai)tive res- 
ponse» of the i)lant spe(*ies t-o the habitat. 

(kite T ur esso n. 


Institule of Plant Physiology. 


The liistitute of Plant Physiology was fonnded in the year 192b 
as a division of the l)(^partment of Botany of »t^entralanstalten för 
försöksväseiidet pä jordbruksområdet» in Slo(‘klH)lm-Ex])erimental- 
fältet. Tt was moved to T'ltiina in 1937 and extended to a separate 
institiite. 

Following the autlioFs earluT reseai'(‘h in photosynthesis and 
mineral nutrition the program of iho nvw institut» was eluefly devo- 
ted to th(‘se topi(*s, esp(‘(‘ially tho last nained, being of fimdamental 
irtiportanee as a theoretieal basis oi agricultuial botany. 

In the [)eriod 192()—1939 a seri(‘s oi in\estigations were earried 
out as to the eeologieal (‘onditions of tln jrhol osy ut hesis. This topie 
had boen previously dealt with ;>t llio PtMnogic^al Station of Hal¬ 
lands Yadero (together with Stalf<‘lt, Johansson, Stoek(‘r, Mont- 
fort, Féhér, Waltcn*, Yoshii and others) resulting in the elueidation 
of the light-, temperature-, and (‘arbon di()xide-(‘urv(‘s of ])hoto- 
synthesis in a Jiumber of (H*ologieaIIy diffeiviit jdants, wild and eulti- 
vatcHl, ]n*rbae(*ous plants and foivst. tnnss. Th<‘ »slidiiig tem])era- 
ture optimum» was shown to be of sfaa-ial importan(*e and this 
])henont(mon was furth(‘r studied at Ex])(‘rimentalfalt(d and later 
at. Ultuna. Jhdjakoff diseovered s])(‘eifi(* diff(*r(‘ne(*s in th(‘ timipi^- 
rature o])tinia of t wo varhdies of barley and lat er de Koubaix found 
similar eharacttTisties of the photosynthesis of diff(‘n*nt elones of 
sugar beet. 

A suitable (*x])erimental t(H*lnn(|ue an as developt^l for t he dider- 
inination of the iiittnisity of the ])hot.osynth(‘sis uikUt tuJd eondi- 
tions and und(*r (‘ontrolhal laborat.ory eonditions. Tlu‘ nnJhod has 
IxMui adapted for studies of th(‘ assimilation in diff(*rent eountru‘S, 
from the tTopi(*al rain for(‘st (Stoeken) to the subitolar n^gions of 
Seandinavhi. (la.ssner and (iO(*Z(* furllnn* developcnl tln* t(*(hni(pi(‘ 
used at ExjuTinnnit.alfaltet in inv(‘stigating the relations between 
photosynthesis and nnn(*ral nutrition. The earbon dioxide fa(*tor 
in nat-im^ wa-s (‘xtensively eni])haMZ(‘d in all thes(‘ physiologieal- 
(»eologicail studies. As to the light faedor exttnisive use was mad(‘ 
of phot()(deetri(* (ndls, a nndliod iiitTodueed in Sweehni by Aurén. 

Also the assimilation of nitratc* in the grenm hnives is a ])hotosyn- 
thetie- proeess. Burström, having ])ursued tlu* fundamental probhnn 
of nitrate assimilation in the* whoh* plant and demonstrated a dark 
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reduction in the roots, found the rediiction of NO3 in the leaves 
to be in some way (»onne(‘ted with interrnediate stages of tho photo- 
synthesis of carbohydrates. The green leaves produce ascorbic aeid. 
The effect of light and other factors on the synthesis of ascorbic 
acid was studicd by B. Åberg. 

Previously thorough investigations of tbe absorption and utiliza- 
tion of mineral nutrients by the plants were impeded by the lack 
of rapid and ac(*urate Chemical methods for the determination of 
metallic cations, e. g. K, Na, Ca, Mg, Mn, Cu etc. In 1926 tho 
author’8 attention was directed upon the spectral analysis as a 
l)0ssible way. Starting from the well-known fact that gas flames 
are excellent light sources for elements of low ionization potential 
the aiilhor iiitroduced the air-acetylene flamo combined with an 
efficient- atomizer of special design. By im^ans of this device the 
analyses (*ould be made directly 011 the Solutions prepared from 
extra.cts of plants or soils. A micro-photometer of special construc- 
tion served for the exact measurement of the transparency of the 
spectral lines on the photographi(‘ plat-e, a t.echnique later adopted 
by all spe(‘tral analysts. Also direct reading by means of photo- 
electric cells, combined with electron am])lifiers, was introduced. 
For elements of higher ionization jxitcmtial the »spark in flarne», 
condensed sparks or arcs were used. The (‘ontributions of the 
institute to the pioneer work in quantitative spectral analysis, the 
further d(‘velopment of 'which has been tremendously promoted by 
an intiniate collaboration the world ()V(‘r between scieiitific and 
technical laboratories and instrument workers, has attracted a large 
number of visitors, whishing to be taught in the methods, a fact 
which at times has not failed to lay a s])ecial strain on members 
of th(» staff. But the aim of the institute as one of tlu' centres of 
quantitative s])ectral analysis on thc' oth(*r hand induced several 
fruitful (*onta(*ts with other institutes in biology, medicine, and geo- 
logy. Also the knowledge of the th(»oretical basis of s])ectral analy¬ 
sis has been widened by a stimulating coopera-tion with the Insti¬ 
tute of IMiysics of Stockholms Högskola (Hultliéii, ITuldt). These 
researciies have been 8U])])ort(xl by a large grant from the (k)uncil 
for Technical Besearcli. 

From the point of view of the Institute of JMaiit- Physiology the 
spectral analysis was merely a useful tool of furtlier ap{)roaicli to 
the problems of mincTal nutrition. TogetluT with current microche- 
niical methods for the determination of nitrate, phosphate etc. it 
enabled the attacking of a number of fundamental problems, viz. 
the absorption of salts from the soil as influenced by concentration, 
ion antagonism et-c., the niovenient and distribution of salt ions 
in the tissues of the plant, the relation Ixdween respiration and 
accumulation of salts, and so on. Warington, Tisdal, Swanback, 
Kiinura, Boratynski and others studied the absorption of single 
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ions, e. g. traoe elements. Pallmann and Mitehell applied the tech- 
nique of speetral analysis to soil analysis, as did also several other 
guests, from Jlothamsted, laboratories in U. S. A., Holland, Belgium, 
8 (*andinavian coiintries etc. Yaluable applications of the tc^chnique 
were also made for rest^andi work in medicine (Norindc^r) and geo- 
logy (P. H. Lundegårdh), dealing with general problems of the 
distribution and cinudation of mineral elements in nature. Waiiner 
investigated the influencic of the temperature on ibe anion resx)ira- 
tion and the absorption of (*ations. 

The extensive studies of the relations between the (‘.oncentration 
of the dominating mineral nutrients (K, (^a, N, P) in the idant and 
the yield (‘ulminated in th(‘ »trix)l(‘ analysis method», viz. a scienti- 
fically elaborated method of leaf analysis as a guide to soil fertility. 
Much time has been devoted lo the working out in all details of 
instru(*tions for sampling, analysis and evaluation of the tests. 
MembcTS of the whole staff (Burström. JMnlipson, Kkdahl, Stenlid) 
ha ve (‘ollaborated in this task. Tliese invest igations are support(»d 
by a special subsidy from the (jo\<‘ rrmient. Also the tnjde ana¬ 
lysis bas attra.(*ted several visitors, Iryiug to a])ply the method as 
a guide to soiind farming, viz. ap]U'opiiatt^ fertilization, in their 
own coiintries (Crocker and llale fnnu Bnglaod, Cillis from Belgium, 
Korzcewski from Poland, Fiselnu* from Crnguay, Prövot from 
Fraiiee etc.). 

In (*l()se conne(*ti()n with the absorption of salts by the roots 
rernains thi‘ ascending sap stream appearing as bleeding from 
decapitated root. systems- This phenoimmon bas IxMm the subject 
of a number of experiment al invest igations ehn*idating the physio- 
logy, j)hysics and biocheniistry of it. Also tlu* bioelectrical xdie- 
nomenons oecuring in th(‘ surface of tlu^ roots and Ixdng of (*oii- 
siderable interest for diseussions of tln» interrelations between th(‘ 
plant and t In» soil ha ve bium thorouglily investigated*. Special atteii- 
tion has b(‘en devoted to the curious c^vudation of organic com- 
jamnds, e. g. nueleotides, from living roots. The general eonditions 
for this exudation liave been studied (Stenlid). In vest igations are 
also x>roeeeding coneerning the possibh» influence of thes(‘ exudates 
on roots of other plants living in the vieinity (lliNSselraan). 

Th(‘ dominant fiinction of the root system in su])f)lying the plant 
with mineral nutrients avvak(‘d a. m^w^ interest in the growth of the 
roots. The fundamental proeesses of (*ell growth and cell stretching, 
ineluding the aedion of auxin, were studied (Burström), pjirtly wdth 
the aid of tissue culture. Other sides of the problem ineluded in- 
vestigations on the influence* of pTl, (*ations and anions, sugars, and 
eertain inhibitors of r(*sx)iratory ])roe<*sses. Also the effeet of oxyg(‘n 
tension was studied (Maja Kopp). The investigations on the condi- 
tions of root grow th wx^re (‘onii)let<*d w ith studies of the growt h of root 
hairs (Ekdahl), the eonditions of whi(*h in s(^v(*ral respeets deviati^ 
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froin that of the roots. Tho effoct of inhibitory agents on tlie growth 
lias gained a reiH^wed interest after tho introduction of herbicidos 
in farming praotic^e. E. Åberg and Ekdahl have studied the absor])- 
tion, distribution and poisonous effect of sodiurn ehlorate and rela- 
ted (*omi)Ounds on eereals and other plants. The relations between 
growth and vitamins (aseorbie. acid, thiamin) were also studied, 
ineluding eurrent analyses of the (‘ontont of earotene, a 8 (*orbic aeid, 
thiamin, and eertain traoe elements in oultun^s of vegetables and 
eereals grown under varied eonditions in respeet of light and fer- 
tilization (Lundin, Sandegren). 

II(‘S(‘areh work going on at present or ]>lanned for the near future 
e()mpris<‘S (‘ontinued studios on the physiology of herbieides, in(‘lud- 
ing the new types of growth inhibitors, repeated eoiitrol of the 
signifieanee of tri^de analyses, physiologieal-bioehemieal investiga- 
tioiis on the exudation of orgaiiie eom])ounds and r(^sj)iration pro¬ 
cesseds linked to this i)henomenon, stiidi(ds on tho aseorbie aeid 
metabolism in green leaves, <*ontinu(dd ndseareh work on aedive^ 
absor])tion and transport of salts, and eontinued studi(‘s on tlu‘ 
growth and funetion of tlie root hairs. 

Henrik Lundegdrdh. 


Institiite of Pedology. 

This institute datos baek to the founding of the Agrieultural 
(k)llege in .1932 and is th(d first of its kind in Swedcdu. Pedology, the 
seiemee of soils, was formerly an adjunet. to Ihe applied seieneeds, 
agronomy and forestry. Whd now^ dist.iriguish b<*twe‘(dn pure ]>edol()gy, 
whieh deals with the st-udy of the origin, th<‘ formation and tlu‘ 
distribution of soils under natural eonditions, and agropedology 
whieh d<dals with the study of soils under lh<d eonditions imposed 
by man. * 

Hesearch. 

The faeilities for researeh at the institute an‘ good hut: the person- 
nel has beeii tuo small to fill the eapaeities of th(d laboratories aiid 
to (*arry out some of the» hirger projeets. 

A brief sumuiary of pedologie* researeh eovering the period 1933— 
49 is given here: 

1 . Chemical eharaet(^risti(*s of soil profihds (4 piibli(‘ations). 

2 . EUdetroeludinistry of soil forma-tion (9 ])ublieations). 

3. Aeid base eonditions in vegetation, litter and humus (10 publi- 
eations). 

4. Pedography of hydrologie soil seri(ds (0 publieations). 

5. Oxidation reduetion in \egetation, litter and humus (1 ])ub- 
lieation). 

0 . lonie exehange (8 publieations). 
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7, Arapliotoilc reactions of soils (6 publications). 

8. Effocts of exccvssivo liiiiing on loaelied acid soils (3 publica¬ 
tions). 

Ill addition to thc abovc. a nunibcr of pliysico-chcniical and col- 
loid-chcniical problems relaled to soils have also b(‘eii studied. 

Trarhing, 

The undergraduale eiirriculiim in pedology ('ompris(‘s: 

1. A course in gcology (30 liours). 

2. All iiitrodiictory (iourse in eolloid clieinistry followinl by a 
e-ourse in general pialology iuehnliiig laboratory work (IJO hours 
for students iii agronorny, 55 hours for ab olher stiidiaits). 

3. Two to thr(‘e days are devoted to exenrsions. 

SiDilr 3IaUson. 


Instiliile of Aninial Physioloj^y. 

Plivsiology b(‘iug tia* mon^ iniporlant ])ar1 of Ila* eliair is giv(*n 
a broa.(l(T spaee in the Iramim; oi tia* anatomy laåiig 

ngarded ni(‘rely as a bjisis foi the jihvMology. 

Tvavhing, Acu-ordiug to tia» diviKa>n <5* th(‘ eurrieulum along 
foiir liia‘S, diffenait eoiirses are — First, a,n introdueterv 

and eondcMised (*ourse is given in a.natoiuy, eoniprising about 25 
liours and obligatory for all luies. It eonsi»ds (»ssentially in ana- 
toniieal sections of fresh shiughter liouse material ((*s])(»(*ially vis- 
e(*ra) wliieb is ])rei)aaa‘d before the stnd(*nts and d(‘monstrat(‘d. The 
(‘ours(» is (*omj)lett*d by (»xaminations witb about ten students at 
1h(* saiiu» tina». 

Thenaifter, a niore ext(‘nd(*d course is gi\en in the sUinie sub- 
jeet:, obligatory for tia», students of aninial husbandry and eompri- 
sing about' 75 hours. It (*onsists of a. numbeu’ of leetimss ou tbc» basis 
of textbooks and typ(‘\\rittt»n eomixaaliai, and, still more, in sec*- 
tions of slaiighter hoiist» nniteriab ])repar(Mi by the stud(*nts them- 
selv(‘s and with miadi more d(‘tads tliaii m the introduetory course. 
l)iss(*(‘tions of a tra-ditional kind an» not p(‘rforiia*d. On the other 
hand, the students have to make a eonsiderabh* nunib(‘r of histo- 
logi(*al pr(*parations with microtdaitos. Tia* stud<*nts are t(*st<*d hy 
individual (‘xa-miinitions without. in\igilators. 

The teaehing in })hysi(»logy is divid(‘d in the sa-ine way as in 
anatomy. — First, an introduetory course is giv(‘n, eomprising 
about 35 hours aiid obligatory for the students of all lin(*s. It con- 
sists mabily of lectures on tlie basis of a. tyf)ewritt(‘n conipendium, 
illustnited by a limited nuniber of ex])erim(‘nts p(*rformed by the 
teaeher. The (*xperim(*nts are (‘hoseii from the fic*Id of euzyira*-s, 

VI -4810(1 Kunrff. Lanlhrttlishoqskohtus Annahr. Vol. 10 
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inetabolism, respiration and circulation. The couVse is finished 
as in anatoniy. 

The special eourse comprisos abont 100 hours and is obligatory 
for the students of animal husbandry. The lectiires are reduced to 
a minimum and eonsists mainly of comments on textbooks and 
c.ompendia. Partic.ular stress is laid on experiment s, most of whieh 
are performed by t-he students themselves and ehosen from current 
laboratory manuals in biocliemistry and physiology for our univer- 
sities. l^lie experimental data are ae(*oiinted for by (^xhaustive re- 
cords ^ith mathematical treatments. T\w students are tested in 
the same way as in anatomy. 

Scientific icork. One of the problems ta.kt*n ii]) by the institute 
and studied during nnuiy years has been the mdabolism of (^a and 
V in small laboratory animals, and mathematieal aiialyses of figu- 
res from the lit.erature witliin sa/ine fi(dd in farm animals. As to 
the laboratory animals, the inaiii question has been the influenee 
of diff(‘rent fats, esi)eeially butter and inargarine. Kurtliermore, 
the basie animal experiments with dextrane Inive been i)erf()rme(l 
at th<* mstitut.(*. Protraeted studies are also undcT way t>o as(*ertaiu 
the elianges of th(‘ metabolisin of normal guinea-pigs after admini¬ 
stration of i(Hlinized ])rot(åns. Finally, during tbe last years, pro¬ 
blems have l)een takiui up in tbe field of detoxieation nn^ehanisms 
and renal physiology of farm animals, and niore naamtly, sorne 
spedal lines in the physiology of ruTmm. 

The staff of tbe instituti*, during the first tim years of its aidivity, 
eoiisisted only of oiie ])rofessor, one iustruetor, still a studimt (Swe- 
dish: amanuiMis), and a laboratory tei^hniiaan (female). During 
11)12, a docent with a risst.riided teaching duty, was joined. Finally, 
since 1941, a sdenttfie assistant (agronom) lias bren employed, ori- 
ginaily on a sjiedal graTit, thereaft.er from the bndget. of the ('ollege. 
— lb'wever, sinee tlu* number of freshmen ha> now been angmentiMl 
and th<* d<‘gre(* of doctor of agriiailture may be takiai, whicli requires 
])OS.sibjlilies of doLng graduate work, difficulties liavi* arisin for 
tbe sdentifie work of the staff, owing to the bnrdim ol teadiing. 

Tirhnival rqnipmcnt, The eollection of sdentifie inslrnments 
and similar oulfit are abont at tlie same level as in physiologieal 
institutes of the saitie sizi* in foreign (*ountries. During the last. few 
years, bowever, a eertain sbortage is to be noticiMl, especiaily as to 
the eompeiisation of oiit.moded or worn instruments. 

Th( pngram for the. fiitiire aetivity of the institiiti* comprises 
investigations with isotopes iu relation to Ca and P inetabolism, 
eertain fealures in tli<* physiology of nimination and inilk secTetion, 
and espeeially, studies of tbe beliaviour of farm animals. Thi* start 


of sorne of these subjects bas been postponed owing to the delay 
of the realization of a subsidiary building whero large fa-rin ani¬ 


mals can be housed. 


Aron WcMcrlund. 
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Institule of Microhiology with Le^iimiiioiis 
Plant Laboratory. 

At this institute Ihe Tiiicrobiology of Roil m for iiatnnil reasons 
u fiold for i)orrnan(‘nt stndy. Williin Ihis splioro Iho institute lias 
tln^ praolical furiction of proparing and distrilniling (ailliires of 
rliizobiii lo SA\odisli farmors for t ho inooidalion of l(‘gumiiious 
plaiits. Sn('h oidliinss liavc boociino rnoro and moro gonorally orn- 
ploy(‘d wilhin Iho ooimtry dnring ro(*ont yoars, and tho numbor 
now amounts lo aboiit 200,000 oaoh yoar (ono ciiltur(^ is r(‘(iuirod 
for 1/4 ha). 

(Vmourrontly with Ihis ])ra( tioal tash (‘\t(‘nKivo oxporimontal work 
is b(*ing dono in ordor to find suitabh^ strains of rl.i/obia for tho 
inooadution onltnros and to ostablisli tho ooiidinoiis for tho bost 
possiblo offoot of tlioso onltnros. Tlu‘ iiiflu' on thi rhizobia of 
il troatiuont. with so(d dismfoctants has bo( ti studicd in this oon- 
nootion. Tlio fniidamoutal j>robh ni'*’ of tiie ruitriont. rorpiinmumts 
of tho rhizobia (o. g. tho noid of Miiamin and biotin) havo also 
boon in v(‘Stigatod. The* nodulo tor a..»! iM'. iii diffor(‘nt ^ arhdios and 
its rolo in tho iiitrogcMi imhaholism (4 tln loouminons plants has 
b(‘on stndi<*d. Final]>, tlu* n oently osta]>li.s]i( d faot that phosjhiatos 
play an im])Ofta!d lolo fo?* tho »‘ookabiht.x of pt^as may bo mon- 
tionod. 

Among tho fr(M‘-liviiig nitrogon fixing ])aotiTia, strains of Azoto- 
harter hav(‘ b(‘oii stiuliod from lh(*or(4ioal as woll as from practionl 
asp(‘Ots. Invostigations of oortam tyjx^s of nitn gon-fixirg baotoria 
liviiig in tho alimontary oanal of insoots and farm animals aro in 
j)rogToss. 

As a oontinnation of (‘arlior work (by Tlarthol and llonglsson) 
a,t th(‘ institnto on tho dooomy)osition of oolliiloso and lignin in soil, 
an invostigation of som(‘ important typos of oollulos(‘-dooomposing 
soil baot(*ria as vv(‘ll as of (‘ortain lignin-doo(.mposing fungi has boon 
porformod. This stndy yi(‘ldyd intnrosting rosnits rogarding tho 
(amrs(‘ of o(‘lluloso dooomposition oans(‘d by Cytophaga, Tho possi- 
bility of a solootivo attack on tho lignin in w'0( d by moans of wood- 
rotting fnngi has lann oxaminod, and proniising rosnits Inivo bo(m 
obtainod. 

Uolatod to th(\s(‘ studios aro various oxporimoiits condnotod at 
tho institute which aim at a ntilization of siirjhus straw. It has 
boon fonnd that straw o.xtract and straw^ liydrolyzatc* favonrably 
influonco tho dovolo})mont. of sovoral mioroorganisms, and thoso 
fiiidings ]iaA^(* also fonnd to(*hni<*al apj>li<ratioii (y(‘ast prodnetifn, 
poiiicillin prodnetion, microbial oxidations). Straw oxtraet has 
also boon fonnd to iiicroaso tho yiold in oxporirnent s with leguminous 
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plant s and oats, and an applicalion of straw has gfven interesting 
resiilts Avitli the same crops. 

Various other problems within Ihe field of soil microbiology are 
being investigated, for instane.e the relationships between the micro- 
flora of the soil and varions crops. Special attention is given t o the 
possibilities of changing the microbial population and processes 
in the soil by the applicalion of crop rotation practises. 

Th(^ Work at th(^ institnte is also c.onc.cnned with tlie ntilizat.ion 
of whey, wldch like straw is one of the great waste products. Pro¬ 
ducts that can be mannfactured from whey by micTobiological 
methods are, for instan(*<e, antibiotics, fat, ergosterol, lactie aiåd, 
acethi acid, and glu(‘-()ni(i acid. 

Problems of storage and disinfection hav(* IxMm st adied on various 
occasions. To the problems exarnined at. the institute belong silage 
production by various methods, preservation of fars against oxida- 
tive destruc-tion, protection of various materials against moulds, 
et(5. 

Pinally inv(^stigations of a more fundament al (diaracter concerning 
the interaction betw(‘en tln^ various biocatalysts of tiie living e(‘ll 
should b(‘> mentioned. The ex])eriments carried oat at the insti¬ 
tute have shown tlje exisl em‘.e of a new enzyme which setans to b(‘- 
necessary for the harmonic course of cell metabolism. Mor(‘OV(‘r, 
it W'as found that in cnrtain incomplete systems, as for instanci^ 
in yeast juice, a (amsiderable part of the glu(‘4)se added is not fer- 
niented to alcohol, carbon dioxide and ])hosplioric esters, hat is 
converted into trehalose. 

liagnar Kilsson, 


Institute of Agriciiltural Hydrotechnics. 

Agricultural liydrotecdinic.s in its widest meaning deals witli wat(^r 
as a growth faxitor, particularly with the soil as a water r(\s(uvoir 
for eullivated plants. It also deals witli tecdinical nieans of regula- 
ting the moisture conditions in the soil. tU)nsequently, agricultural 
hydrotechnics must be based on and make use of the results from 
several differcmt fields of Science. Important. ])arts of the basic 
investigations within agricultural hydrotechnics must fall within 
soil physic.s and liydrology. In coiinecdion with t hese inv(*stigations 
it is necessary to study tlu*. charact.eristics of the snbsoil more ex- 
tensively than is done in most other fields of agricultural Science. 
Tn order to be able to regulate the water et)ntent of the soil and the 
uptake of water through tln* plants it is necessary to follow closely 
tlie results from expe^rinumts iii plant physiology and ecjology, es- 
pecially in regard to the developmeiit of the plant roots, the water 
uptake the and resjhration of ciiltivated plants. 
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The 1eclini(*al part of the siibject is bas(*d on the fimdainental 
equaiioris in hydromechanics and hydraulics. By the aid of tliese 
and the abo ve meiilioiK^d diseipliiies th(^ agrieultural hydrot(‘eh- 
iiics has the possibility of regulating the Wiiter (u)nteut of the soil. 
Ill Swedeii with its rather humide climate, drainage of th(^ soil is 
the dominating hydrotechnieal nieasun», even if irrigation soiue- 
tinies appears desirable for a. higher prodiudion. As plans for soil 
drainage ofteii iueliide scweral fanns and, inon‘over, establislniKnits 
such as roads and water milis are not seldom involved, it is evident 
that many problems in agrieultural hydrot(‘(*hnies are of a social 
and eeonomie nature. Jii order to plan soil drainage so tliat it will 
be satisfactory from a teehnieal and (‘(‘onomie-al vi(*wpoiiit, it is 
neeessary to eonsubn* sueh factors as th(‘- amount of surface ^ater 
under different eonditions, the mflueiu*(‘ of draiii d(‘pih on the dura- 
tion of the pipes and the most suitable types >f teehni(ial deviees 
to be used in eoniieetion wil h 11 h‘ drainage. (-onserjuent ly, it is 
also iieetvssary with teehnieal mvesligations at Ihe insdtute. From 
tli(‘ view])oint of eduealion it is n(‘e(‘ssary to deal with vs^ater supply 
and sewag<*, i. e. different ways to supply iininials and human be- 
ings wilh VNater and to dravv off the .>(‘\v<igt‘. Tiiese luoblems are 
not. treat(Ml at any other institiitum a( ihv eolleg(\ The institut.e 
has, ho\v<*ver, no seieiitifie in v(‘sUgal lons within t his partieailar 
field. 

Thus, it is evident that. th<*, ]>rogram of the institute covers a 
wide fhdd and that tlu* scKuitifie- lasks are verv different. Professor 
irermaii liodkvist, vho vvas t 1m* first h(‘ad of tlie institute, intro- 
diieed the* name of agiieailtural liydrotechnies duriiig the middle 
of the 19d0’s. P>y eioing tliis ])rofess()r hiodkvist. r(*placod the old 
naiiK* of »kulturt(*kuilv» vvhieh origiiially caiiK* from the (l(‘rman 
hinguage, by t his im*\v oth*. that more clearly delimits the subjeet 
and <*niphasiz(‘S the central parts of it. 

(1. \V. Kobinsoii savs in his book »Soils, t luir origin, constitu- 
tion and eiassifu-allon» as an inlroduelion to tlu* diseussions of 
water in the* soil: »The* study of the moisture* relalionships of soils 
niay therefore* be considered to be the most imiiortant group of 
problems in soil iihysics.» According to t his viewpoint. of Robin- 
son a, V(‘ry important jiart of tln* agncailtural hydrot-eehni(*s must 
fall within the iM*ld of soil ]>hysics. Jiivestigations comamingthe 
moisture ('onditions in Sw(*dish soils hava* b(*(‘n tak(*n up at. the in¬ 
stitute diiring reeent years in order to eontinue such basic studies 
whie.h (Inring (*arlier y(‘ars vveu start(‘d by A. Att(nb(*rg, S. Jo¬ 
hansson, (t. Fkstrom, and H. Klodkvist. 

Kesults from studies in soil ])hysics ar(* fouml in a publi(*ation 
by ])rofessor V. (Uistafsson: »Die Strdmungsvarhaltnisse in ge- 
drånt<*m Bochui». The vvat(*r in the soil is either fr(*e and moves 
by influ(m(*e of tlu* gravity or it is bound to the soil partieJes by 
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a number of adsorbing foroes of very great »Irengtli. Starting from 

( dJt \ 

V ^ ^j \ and from ceriain special (konditions 
tlie moveinent of freo water can be expressed by a solution of 


Laplaee’s equation 


(f ^ q) fp q _^ 

()y^ 0 


The solution is a.i)plied to some spccdal drainiiig systems. The 
moveim^-nt of the ground water in a homogenous and drained soil 
is tlien principally solved. This is a great st(q) forward from a lh(‘o- 
relic.al point of vi(‘w even if in many (‘-ases the mathematical diff- 
culth^s are very great. It is an importarit task to obtain a similar 
solution for the raovtmuint of the bound watc^r in the soil. 

Tt is a very central prol)lem for agricnltural hydrotechnics to 
investigat-e elosedy the anumnt and distribution of rain and its 
influeiice on the yields obtained on difhuunit soils. Tlie first re- 
sults from studies of these important faetors at. the inst-itute were 
published by the author in a paper on: »Studies on the Influ(‘nce 
of Pr(*(apitation on (^rop Yields in SwcMlen.» Parts of th(‘ in- 
vestigations diseaisscHl in the paptu* deal with res(‘ar(*h A\ork in 
irrigalion that was started at the institute in 1941 and sin(‘e that 
time has beeu succikssfiilly enlarg(*(l. At the l)r(^sent tinie Huu^e an* 
rather extensive (*xpi*riments under way witliin tids partieular fi(*ld. 
They are int(md(Ml to demonstrale the possibililit*s of nsing irriga- 
tion in the first hand to obt ain a more evtaily distribut ed growtli 
of the pastures, but also for an irukreased ])ro(lue4 iini of oth(*r (*roi)s, 
such as ])otato(kS and sugar be(*ts. t)ti)er ralher s]>e(åalized pro¬ 
blems ha ve also ])een takm up. kSucIi are the use of sewage water 
and salt watt*r for irrigation. Even if irrigation undia* S\\edish (*on- 
ditions (kaiinot be exp(*(5t(‘d to b(*(iome as important as in niany oth(‘r 
parts of the world, it (;anuot be d(‘nii‘d that. in emtain seetors of 
the coiintry, irrigation will be(*ome valuable in addition to the r(‘gu- 
lar soil drainage. Eurther, tlie use of irrigation for sf)(‘eial (-rops 
will always be of vital impartaiKM*. Einally, the expinimental work 
with irrigation will be valuable for the studies of tlie r(*lation b(*twe(‘n 
pre(*Jpitation, soil, and vc^getation. 

Sima*- 1947 there is a s(*(ktion for drainage experiments at th<*- 
institute. This seedion is first of all oeenpied with investigations 
coma^ming the relation bet w('en yield and different tyjies and int(ui- 
sity of soil drainage. It (iarri(*s out systematic tests for det(*rmining 
the value of different depths and distaiujes for tlu*. drain-pipes. 
The influen(i(* of the drainage intensity on the management of 
the farm and tlie eeonomuk result are also being st.udi(‘d. Beeause 
of the diffi(*nlties in arranging such exi)(*riments it can hardly be 
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expected tljiit dcfiiiile resiilts can b(‘- obiained rapidly. But hh tln^se 
<^xperimeiits are to last for a series of years, resiilts wilh 

practical applieat.ion inay be obtained with tlie limt». Bc^sides, it 
is inii)ortant to arrive at a fuiidanH‘nta.l basis for a diseiissioii of 
tlie drainage problems free from tlie old acuaistomed rouline. 

Tlie exami)l(‘s given ahow oii problems and invcvstigations fa^ing 
the inslitut-e an^ not of a very teelmieal natnre. TJiey are in the 
first hand intended to widen our knowh^dge aboul llie water in the 
soil and its impcnianee for the vegetation. lOven problems of a 
more te(dmi(‘-al natuns however, liave been treal(‘d at the institute. 
An example of t his is to b<‘ found ii» t-he material published by T. 
Adolfsson in tlie paper »On the infhienc*-e of the nature of the pipes 
on the frietion resistaiuu^- jii drainage systems». 

From t his siimmary it is evhlent tliat the firogram of iln» insti¬ 
tute covers a. ratlnu* wid(‘ t(‘rritor\. Consecpientlv, good results from 
tlie s('ientific inv(‘stigat iom ean be e\])eet('d only if these are car- 
ri(*d ont in efos(*< (-ooiHration with seientists til other institutes wor- 
king in agrieultural seitan.e or m (‘l(}S(‘ly related fields. This is parti- 
(‘ularly tru(‘ within tliose fndds of niirienitur:'.) hy(ir()t(‘< hmes that 
border on otlier disei[)lines ol an rm; ultnral or teehni(*iil nature. 

(ftiaiKir TI all'j ren. 


Farm Machinery Institute. 

At the Karm Machinery institut(‘ instruetion is giNim on farm 
maehines and im])I(‘ments, mternal eombustion engim‘S, and trae- 
tors as w'(*ll on t In* use of (‘h‘et ri<*it y on tlu* farm. The syllabus(‘S of 
the eourses givim on tlies<‘ subjei-ts vai\\ for th(‘ various lines of 
stmiy. IMius a medium-siziMi eonrsi» is given for tlu‘ agronomy 
and gen('ral and shortir (*ourses tor tln^ (‘conomie and animal 

husbandry lines. A farm iinieliinery line has start( m 1 from July 1, 
llMtk This lim* will tuin oul fnture farm machinery advisers and 
agrieultural experts in tlu* traetor aml machinery industry. The 
training >vill, li()\v(‘V(*r, Ix* on sueh a broad basis that gra<luat(‘S irom 
tli(‘ machinery lim* will also be qualified as t<‘ach(‘rs at farming 
schools a.s w(‘ll as at other similar posts. 

Krom duly 1, IhBl the staff of the institute eonsists of a head 
with stamling of a professor, t wo laborators, and assistants, 
im*ehanies, and office staff. In amlition, experts in e(‘rtain branches 
of the subje(*t, will assist in tlu* teaching. Th(‘se experts belong 
ehiefly to the staff of the Swedish Institute of Agrieultural Engi- 
neering, mentioned b(‘low. 

The t(‘aehing is ])rineipally earried on by demonstrations aml 
independent work by tlu* students. Kor this purpose instru(‘tive 
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tcaching-nuitcrial and extensive premises are neccssary. Since 1944 
ilie iiistituie has possessed suoh premises and these now contain a 
large collection of traetors and other ma(*hiiies, etc., for purposes 
of study. The institnte also iJos8ess(»s a very vahiabh* c.olle(*tion 
of small models of the eighteent.li centiiry })loughs and some full 
seale eighteenth and ninete(mth eentury agricultiiral implemeiits. 

IJp to 1949, the staff of the institut(' has not been sufficient for 
oth('r tasks Ihan teaching. Research and experiments in th(» field 
of agricultiiral machinery has becm carried on at^ Ultuna ])rincipally 
by th(‘ Swedish Tnstltute of Agricultiiral Engiueiuing. This insti¬ 
tut e is housed in tlie same. building as the Farm Maeliinery Insti¬ 
tuti', a fact which iiromotes co-operation Ixdween the two instit.u- 
tes. Co-ordination of the work of the two institutes is also facili- 
t.at('d ])y the fact tliat 1h(‘. heail of the Farm MachiiuTy Institnte is 
also t<h(*. directnr of the Swedish Institnte*. of Agricultiiral Fnginee- 
ring. — (4ose. collaboration is also maintained with the Stiiti* Agri- 
cultural Machinery Testing Jnstitute, wliich has its premises in the 
immediate neighbourhood. 

Nils Berglund. 


Instiliile of Soil Maiiai^einent and Ferlility. 

According to the statutes of the college, tlu* sj)h(*re of a(*ti\it> 
of the instituti* is soil classifica.tion, cullivation and (‘(‘rtiliziition. 
Furthermort*, experim(*ntal 1<*(*-hni(iu(* is s1udi(*(l at the institnte. 

Tht* staff consists of (since duly I, H149) 1 prof(*ssor, 1 laborator, 
1 first assistant, H assistants, 1 amaiinensis, technieians, 1 care- 
taker and 1 fernalt*. tderk. 

During the })ast Y(*ars tht* exp(*rini(*iital work and r(‘search of the 
institnte has coniprised soil ])hysic.s and tillagt* as wt‘11 as varions 
sections of soil f(*rtilizatioii and im])rov(‘m(*nt. 

Among tht* investigations, the resnlts ot which ha vt* been pnb- 
lishetl, the following may be mentiont‘d: 

Agronomical maps (Lilla Sunnersta and Flt.nna). 

Mt*tlit>ds of tletermining soil portisity. 

The effeet of frost, oii tlie struetun* of clays and loams (L* papers). 

Exjieriments in [iloughing and subsoiling (4 papt‘rs). 

M(*.tln)tl t)f <leti*rniining »gyttja» matUr in soils. 

Investigations tin the tlistribntion of f)hos])htm>ns fertilizers in 
tht* soil profilt* by tUffert*nt tillage opt‘rations (L^ papers). 

The fixation and utilization of phosphorit; at*itl in »gytt ja» soils 
(3 paj>t*rs). 

The effeet of potash fertilizt*rs on the utilizatitm of phosphorie 
acid in the soil (2 papers). 

Achievt‘ments tit)nt*.erning soil survey and soil mapping. 
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Among Ihe i)rc8ent investigalioris, the following inay nien- 
tioned: Investigations oii metbods of dotermining soii structuro 
and its stability, physieal investigations (in c-oniK^ctioii wilh fi(dd 
experiinonts) with respect to soil temp(‘niturc, porosity, etc., by 
differcrit tillage op(‘rations. Experiments with plougliing, partien- 
hirly (ioncemed with depth of plougliing, the loosening of the sub- 
soil, and tbe width of the ridges; ex[>erinients as to the intensity 
of tillage in spring eultivation; effeets of rolling under various 
eonditions; experiments with plougliing mulvr the straw and the 
tillage of stubble aftm* the harvest. 

As to Works (toneerning soil surviy and soil fertilization and 
aimuidment the following may be mentioned: 

Studies 011 problems connc^c-ted with ihe SwcMiish soil survc^y, sucli 
as testing how long th(*, analylical valiums of imipjiing are vahd; 
investigalions on the seasonal variatioi* of the analyti(‘-al vulues and 
the effee-t of fertilizaf i(»n (.ii th(‘S(‘ values; inA est igat lons on the 
ehanges of availabh‘ yihosphatc*^ and soil n^acnon in Jong-lasting 
fi(‘ld (*xperini(‘nts with fertiliz(*rs and liin(‘. 

The usefulmsss of various analytical nadhoils iti siirv(‘yiiig orga- 
ni(*. soils. Jnvt\st igations on th(‘ piorrv«*,s of (i(*eoni])osition and 
mobilization of initritaits m org inie m.uiiin‘s as well as on thiir 
influ(‘ne(‘ on th(‘. e-olloidal pr()|M*rti(‘.^ of the soil. Investigations on 
digesteds(‘vsagesludg<‘and its \alu» as a IVrl iliz(T and soil aniendment. 

A eomjiarisoii between the effeet ol iiiainin^ with and Avithont a 
eoncentration of ])hos]ihat(* owing to th(‘ use of feeding ])hosphates 
of Aurioiis Ivinds. Studies (»n the ini])ortanc(* of a. snitable balaiice 
b(*tvv<*(*n the nutrients nitrogen aml potassium in ])lant eadtiva- 
tion. An in vest igat ion on tlH‘ calciiini and potassium rcMpiirements 
of ])(ais as coniiianMl Avith varieti(‘S of grain, and, furtherniore, the 
influence of lime and potassium on th(‘ cookability of [leas. 

Studies on tlu* <1 istribut ion of »gytt ja» soils in Sw(‘d(‘n, (*x])eri- 
ments in imiiroNing sueh soils with lini(‘, manures and lertilizers 
and sp(‘eial in vestiga.t ions on th(‘se soils. An in visst igation on the 
influence of ciiloride and sulphat<* ioiis on the yiiid and th(‘ fiber 
(juality of flax. An in vest igation on A\ater and nutrient recpiire- 
miMits of lienip. Studies on the influiuKH' of lowering thejdl valu(‘ 
of organic- soils rich in Inne. Investigations as to the inost. suitabh^ 
parti(*le size of ground linu^sloni'. In v(‘st igat ions (*onc(‘rning the 
effe(*t of various kinds of stoiie nieal as potash fertiliziTS. The oc- 
<airr(uic.(‘ of jdios[)horus in orgaiiic. and inorganie. ctomfiounds in 
Swedish arabl(‘ soils. Studies on ^up(*rphosphati‘. as a preservative 
of th(* nitrogtui in uriiie. Investigations on the waste produids of 
the slate-oil mill at KAarntorp Avith respect to their detrimiuital 
effeett on plant.s and soils. Investigations on the effecl of sodiuni 
chlorate on the fernientation of manure, avIuui the chlorat(‘ is us<m1 
for w(‘ed control on manure eom posts. 
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The instruetion at the institute is given in ihe form of lectures, 
oourses and demonstrations of various kinds. In the courses may 
bo especially noticed pot and field experiments as well as training 
in classification of soils and in soil surv(^y. In addition, the under- 
graduates aspiring for qualified eredits in soil management and 
fertility must earry out a minor investigatiori of soientific e.haracter. 

Gunnar Torstensaon, 


Institute of Plant Hiisbandry. 

The institute of Plant Husbandry is located in one of the old 
buildings on the (iollege i^ampus, the Agri(‘ultiiral Building, where 
most of the secoiul floor is provided for tlie institute. On tliis floor 
tliere is the big laboralory for the regular student, eourses and in 
eonnection witli t his laboratory there are small rooms for balanees 
and for germinathm tests as well as a darkroom for certaiii analy¬ 
sis. On the same floor there are hiboratories for advaiKanl stinhuits 
and for sp(‘eial work, tliere are rooms for tln^ eolleetions of the in¬ 
stitute, for storage, for phot()g7'aj)hing, the library and so on. Th(‘re 
are», also offices for the professor, the laborator ( assoeiate ])rof(\s- 
sor), and for assistants. On the third floor there are offiees for the 
assistant professor, for research assist ants and for tln» amainuaisis 
but also a well equipp(*d hM‘.tur(* room for (U) persons. Tliis hadure 
rooni is used by the Institute of Plant Husbandry and the Insti¬ 
tute of Agrieultiiral Econoniies. In t lie basenient. there are rooms 
for threshing and cleaning of ri^seareh material, a germination 
laboratory a.nd spaee for several oth(‘r iiurqioses. 

The total floor spaiM* (d the loeulities on sec.ond and third floor 
is abvUit 4(>0 m-, and in t lie basement about 150 m-. For the rather 
extensive expiTinumtai activity the institute lias one (*xj)(‘rimen- 
tal field located b(dvve(*n the gravel ridg(*, tlie farm school, the streid 
ear line Fppsala—(lraneb(‘rg and the earetakers’ houses and anotlnu’ 
one ]>etw(H*n the farm barn and the main road to Fltuna. The total 
area of these two fields is ‘15,:i00 nd. Furthermore the institute 
us(‘s about d0,000 m-' on the college farm. (\nisequently the total 
area for (‘xperiimuits and demonstrations is approximately 7.5— 
8.0 hectares. On the main experiniental field the institute has a 
jirimitive cage for pot experiments (tog(‘th(*r with the Institute of 
Soil Management and Fertility). At. the westinai end of the experi- 
nieutal field there is a barn that is used for the Institute of Plant 
Husbandry as well as for the Institute of »Soil Managennmt. and 
Fertility. The institute has threshing spaee and storage facilities 
in the barn. Altogether the floor sjiaee used by the institute is 
1,000 m^. The institute has threshing machineries, a hot air dryer 
and other equipment for the field research stationed in the barn. 



The Royal Agricultural College of Swodoii xci 

Every year the institute piiblishes a detailed guide over the ex¬ 
periments. 

Tn ax*.cordano(‘- with a i)r()posal by a governmeiital (joiiiniittee in 
1947 the institutc will get larger and inore modern locnilities in a 
new biiilding that is to be ertuded for a nninber of institutions wor- 
king witliin the erop prodiudion fi(‘ld. In this eonnection tlu^re will 
also be built modc^rri greenhoiises and net eages for pot expculinents 
as well as laboratories for low teinperatures. The size of the ex- 
perimental field will be inereased so that all the (^xperinnaits can 
be earried out t]ier(^> instead of being done partly on the fi(dds of 
the farni. 

The staff at instiiute e.onsists of one proh^ssor, one laborator 
assoeiate professor), one docent ( a>ssistant professor), four 
assistants, one amamnmsis, one st(‘nogriiplHT, on(‘. <.aretaker and 
one fonmnvn for the experiinental field work. l'eniporary hdpers 
are used frequenlly durnig tlie veg(‘1cUion pniod. 

At the Instituten of Idant Ilushandry nH‘re is teaehing and rese- 
andi witliin erop produetion and cnqi bre<‘ding. TIh‘ t(‘aehiiig is 
<*nncerned with faentors influ<‘neing liie erop produetion, sueh as 
elimate, soil, and farm manageinenl, \Mtli spieles, A arieties and 
♦strains of eultivated erops; with colulitJOl.^ for growing t hem, for 
(‘xainjdc^, (nrop rotation, siHMling and harv(‘st. inelhods; with treat- 
iiKMits of th(‘ e.ro{)S during tlu' growing si^asoiis iii(‘lu(ling w(‘ed eon- 
trol and inethods of harvesting t In» erojis and with treatnient of 
the erop produets as well as their use. Jteclaiining of land is also 
diseusst‘d. Ueeause the subj(‘et eo\t‘rs a wid(‘ fidd oidy limit.ed ])arts 
of th(* subjeel eaii be treated durmg the h*et ures in one >ear. Tlu^ 
eourses for the IhS. in Agrienltim* (agrononi(‘xa.nien) an^ ])artly 
lab()ratory eourses and partly eoursivs in the field. They (nov(‘r sueli 
fiarts of tln^ subjed as sjieeies and varady iihaitifanalion, seed tes¬ 
ting, ])ot and field e\periimnts, analysis of (‘XjierinaMital rcxsnlts, 
niaeroseopie and mie-roseoiiie d<‘t(*rniination of organie soils and 
so on. Sev(Tal exeursions are arranged ainongst others for studies 
of erop produetion in geiaual, of rtxseareh Avork iii erop prodia tion 
and evop breiMliiig, of tla‘ devidopnaait of inirt‘s and of ero]) ])rodue.- 
tion on organii* soils. Ida» plant hushandiy sianinar nieids every 
other w'(‘ek during the wdnter. Tia» studt‘nts giv(» spiaadies in Avhieh 
they geiKTally diseuss material frorn inv(‘stigations of tiadr oAvn. 
After the S])eeeh(‘S then» are often aiiiiiiated diseussions. 

The (U)urses for the JNl.S. degree (agronomie li(*(aitiate\ani(‘n) in- 
elude advan<H»d s(*(*d ti‘stiiig, inethods of detiuanining the quality 
of erop produets as wdl as inethods of prodiadng neAA^ vari(»ti(»s of 
eultivated jdants. A gr(»at part of the eourses is d(‘Voted to indi- 
vidual problems. 

Sev(»ral S(*ientifie- investigations are under way at tia» institute 
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and oihers have beeii firiished and their resulis publislied. Arnong 
s(3i(*ntifi(5 investigations the following ones should be mentioned. 

Methods of seeding legumcs and grasses for hay as wcll as compo- 
sitioii of seed niixtnres of leguines and grasses suitable for establi- 
shing good leys liav(* been studied aince 1936. Tt has been found 
that drilling the seed is preferable to broadcasting it. It liasalso 
been fouiid t.hat mixtures of alfalfa and red elover give excellent 
yiidds 011 w(‘ll drained soils in iniddle Sweden. 

Tn a short paper in this voliimc* the resulta from exjieriments 
witli melhods of seeding the leys and wit-h seed mixtures for the 
leys ari^ diseiissiMl. 

Th(*- seeding time for winter eereals (wheat, rye, barley) and win- 
ter rape under eonditioiis in iniddle Sweden IniYiUieen atudied sinee 
1931 ajid are still going on. The resulta, some of wliieli Win*!», imb- 
lish(‘d, showed that rapc». and barley should be see^led during the 
mid<lle or th(‘ lattcT part of August, rye during the end of August 
or the bt‘ginning of September and wh(*at during the first ten days 
of September. 

Sinee 1931 differ(‘nt- erop rotation systems Inive b(‘(*n eompared. 
The main problems in the rotation exi)(‘rinients have b(‘en the 
plaeement of leys in tli(‘ rotation (whether a wint(T or spring sown 
ero]) should be us(m1 as a nurse erop), the yidd of alfalfa h\vs as e.oni- 
par(‘d with r(*d elovcn* leys, the influenee ex(‘reise(i by th(‘se t wo ty])es 
of l(>!y upon the sue.ceeding e.ro]) as a\(‘11 as on lin*. \\hol(^ rotation. 
Tt has been found tliat se(‘ding in spring eereal is preferable to see¬ 
ding in winter (‘-(»n^als, that. the alfalfa ley giv(‘S a mueli higluT yield 
than the red elov(*r l(*y and that the after eff(‘et of the alfalfa ley 
is inueh bet ter than the one of the r(‘d elov(*r l(‘y, 

The staff of the institute has also lieeii engag(‘d in iim‘Stiga- 
tions on the S(H‘d set ting in elov(*r and luecTiie and the rdle jdayed 
by <lifferent kinds of ])ollinating ins(M*ts. Some valiiabh' rcvsults, 
obtain(‘d in this work, have been published, and tli(‘ most r(‘eent 
results are fniblished m a. ])aper in this volunu*. 

Studies of th(‘ indhods for weed control \ver(‘ takiai up in 1935. 
Sine(‘. s<»veral years nnndi tinu^ is <levoted t.o w(‘ed (*.ontrol experi- 
nnaits mainly ^^itll lioriuone <h‘rivativ<‘s and otluT n(‘w ehemie-al 
substane(‘s. Soni(‘ resalls lia\e be(*n pulilished. Jn sliort they are 
.'is folhnvs: t he liornione d<n-i vati v(*s an* v(*ry importaait ni(*ans against 
the w(*eds biit. tln‘y an*, in no way, to b(* eonsider(*d as univ(‘rsal 
nieans. A numb(‘r of the ])n*vionsly nsed ehemieals, sueh as eal- 
eliini eyanamidc*, sodium elilorate aml dinitrororthoeresols should 
still be us(*d and some of the very latest. means sueh as dinitro- 
se(*.-butylphenol and isopropylphenyl earbamat.e are likely to be- 
eoine (d’ imjiortarKa* in Svvedish agrieulture. These weed eontrol 
studies have given the inipetus to a series of investigations in wliieli 
the valuc of horm()n(‘S and liormone derivativ(*s in erop produe- 
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tion i8 to be studied. A number of tlie i)robleins (‘oiic(u*iiing Ihe 
iise of hormones and hormone deriv^atives are dis(iUSs<Ml in a paper 
in this volume. 

Another problem Avhich luis been studied in eoniieel ioii Avilli 
the weed (^ontrol exix^riments is the effeet of root exudatc^s from 
grasseis upon other piants. Some preliminary results liave been 
published, and a short paper on this subjee-t appears in this volume. 

The institute has a very lively eoiilaet with seieiilifie. institulions 
in other parts of the woiid (\speeially in l)(»nniark, (.Ireat Brihiin 
and n.S.A. Esx)eeially in r(‘gard to the weed control experiments 
this contaet is of great value. 

Binee 1936 the purity of the potato st()(‘.ks and the dislribiilioii 
of potato varieties in ^weden have be(*n stiidied. These studies 
ended in 1942 and showed tliat the polat.o varieties, grown in Swe- 
den, are very iinpure and tliat it is iinporlant that this situation 
be eorreeted. Itesults from this an ork are now ready for iniblisliing. 
A sliort. summary appears in tliis volume. 

in the summer of 1935 a material of Tilxdan (‘en^ais was givtm 
oA^er to th(‘ institute. The material had b<‘eu eollected by J)r. Harry 
Smith in Eastern Tibet dnnng the \vihi«*r 1931—1935. Detailed 
examinations of t-he mat.tuial r(‘A(*al('<l a nui.iIxT of A"ari(li(‘S of bar- 
ley, wlieat and oats, whieli have been des» ribed in several jiapers. 
The most exeiting result was tliat t In* mat ei ial (‘ontained a new 
speeies of barley ANiiieh AN^as deserilnal in 193S as Ilordvum agriovri- 
Ihon E. Åberg. As a (tonsequeina* of t In* investigat ions on the Tibe- 
tan barh^y stn(li(*s on the prineiples of the elassification of eultivated 
plants were startial and for a numb(*r of ytairs (*arri(*(J out. in 
eoojteration Avitli Ameriean seientists. 

Tn 1917 the reaetion of differeiit vari(‘ties of e(*reals and oil erojis 
to liarvesting with enmbiin*, at differeiit. stages of development 
(maturity) lias been inelnded in the ])rogram of the institute jiartly 
ill cooxieratiou wiMi the Institute of Agrieiiltural Kngine(*ring, Cjip- 
sala 7. Sonn* of tlie results from this Avork have been published but 
the investigations are to lie eontinued. 

I)uring the war the institute started experiments wdtli koksaghys, 
Taraxaciim Icohmghys, aiming at a study of tln^ possibilit ies for 
rubber produetion from Swedish soil. The exp(‘riments gaAo* rather 
dis(*.ouraging r(\sults, vvliieli will be published in tlie near future. 

A series of investigations lias lieen done on sexiTal problems in 
seed testing work. At. tln* present time the use of a seed blow(‘r for 
small seeded grasses and the meihod for breaking tlie dormaney 
of elover seeds are the two maiii problems on the xirogram of the 
institute within this field. 

Shiee 1944 the Fiistitute issues the series »Växtodling — Plant 
IFusbandry». Thiis far four iiumb(*rs have appeared in this series. 

JIngo OtivahL 
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Institute of Animal Breeding. 

When Ihe activities of tlio instiluto started in ^ilovember 1933 
a professor and a lialf-timc assistant constituted the whole staff, 
and in tbe next few years most of ihe tiine wiis oec npied by leaching. 
Gradually, however, from the end of the thirties the possibilitic^s 
for researcli improved, and from July 1919 ihe professor has the fol- 
lowing collaborators: 1 docent, 2 Iraiiied assistants, 2 laboratory 
technicians, 1 st(‘nograx>lier, 2 caretakers for the exiH*rimental aiii- 
mals, and a tew temporarily employed coinpuiors and part-tinie 
assistants. TTiitil the present time the Institute has been provided 
with buildiiigs and personnel for ])reeding experiments with labo¬ 
ratory animals only (rabbits and mice). 8hort-time experiments on 
special problems may, however, be (*arried out on the dairy herd 
of the ^National Animal Experiimmt Station. From the first. of 
Janiiary, 1950, the privately endowed Animal Bn^eding Institute 
at Wiad will be taken o ver by the State and affiliated witli the 
Ttoyal Agricultural ('ollege and its Institute of Animal Breeding. 

The professor is respoiisible for the teaching and examination of 
undergraduate and graduate students and for the training of the 
graduates in researcli. Tlie following undergraduate eours(‘s are 
given e-ich year: 

1 . A general course in judging, and the breeds and br(‘eding of 
farm animals (60 hours, leetures, and demonstrations). 

2 . A lecture course in animal gc^netics, eovermg a diffenmt field 
eaeh year, e. g. 1949 »population genetics» (10 hours). 

3. A laboratory cours<^ in animal bre(*ding, esp. »])()[)ulation gen(‘- 
tics» (50 hours). 

4. Scmiinars where special topics are reviewed and discussiMi (15— 
20 hours). 

One graduate student lias completed his work at tln» institute* 
for a doetor^s degree. The thesis is published in full in Acta Zoo- 
logica Bd 28, 1949 (Artur Hansson: »The jihysiology of reproduclion 
in mink with special refereiice to dela>(*d iin])laiitation»). At the 
present lime two graduate students are working on researcli projeets 
for higher degrcM^s. 

Th(‘, researdi work at the institute liUvS, in the last f(‘w yi‘,ars, been 
direeted on the following lines: 

1 . Statistical inquiries are made into the lieritability of economi- 
(ially important charaeters in farm animals. (Jffhaal testing data 
are (iompiled from private lierds of cattle, slieep, and pigs, wh(*re 
re(;ords are available for every animal in the herd without any pre- 
vioiis scUxdion. The records from the Swedish pig tissting stations 
have also been iitilized for this purpose. A series of in vestigations 
are earried out in the causes of variation in the milk yield and but- 
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lerfat percontage,' tlie shape of the lactation curve and the length 
of (talving iiilervals in dairy cattlc. Some parts of the resnlts are 
published, but the work is still in progress. The length of the gene¬ 
ration interval in the Swedish breeds of cattle is also stiidied. The 
sheep data are analyzed in tlie same way to obtain estimates of the 
lierit-ability of sue.h iinportant eharacters as lanib yield, growth 
rate, and yieJd of wool. The pig records are studied in regard to 
the canses of variation in the size of the Utter at. birth, tlie size 
and weiglit of Utters at tliree weeks of age, tlie grf>wth of tlie pigs 
from 20 to 90 kg live wiuglit, and the eareass qnality. The results 
from the first- jiart of th(‘ work are piiblished, and thosc from the 
latter part will soon b(^ ready for jniblie-ation. 

2 . Experiment al investigat ions on different, faet ors inflnencing 

milk ejectioii in dairy eows have becm earried ont duriiig the last 
thn‘e years. The rate of milk flow is measured duriiig tlie process 
of milking, and t hese tests are repeat(‘d with certain intervals 
tliroughout at least two lactations for eacli eow in the 8ta*ion herd. 
Iij Olle series of investijL*ations the rate of milk flow is measured for 
ea(*h quarter of th(‘ udder separately, and contiiiuous milk samples 
are takiai for determination of th<‘ bntl^^rlat pereditage. Tn ana- 
lyzing the data it is attempted to estiniate the of different 

environmental faetors, and of the age and tho gemdie eonstitution 
of the <‘o\\, on the rate of milk flow and th(‘ ehauge in butterfat 
])t‘re(mtag(* of the milk during milkitig. Studa*s are also made on 
the ehaiigi* in udder pressure during the milking interval, and on 
tlie effeel of tln* »let down» reflex on the udder jiressure in diffe- 
r<‘nt eows and at various st.ag(*s of la(*tation. When e,ows are sent^ 
from t.h(‘ exp(‘rim(Mital her<l to the slaughter houst* their udders are 
exammed, and samjiles of milk are taken from (Nieh quarter for 
ba<*t(M‘ioh)gieal t(\sts. When th(‘ gro^s (‘xamimition of an exeised 
udder revi*als any injuri(*s or abnormalities in tli(‘ t(Mits or other 
parts of the udder, the tissin*s ar<* fi\«*d in forinalin for histologieal 
(»xamination. Tlu» fiinlings at thesi* examinations are eorrelated 
to th(‘ (*arlier r(‘eords on the rate of milk ejecdion during milking. 

The aniount and eomposition of nssidual milk in the udder, afler 
a normal milking, liav(* also been studied. Kepeated injeetions of 
oxytoein pr(‘parations have ])(‘(*n us(‘d to aeeonqilish eomplete udder 
evacuiation. A nqiort on th(‘ residts is Ixdng ])repared. 

3. Studit‘s are nnnle on let hals and other defeets in the Swedish 
Im^eds of eattle. At tlie present time the institute is raising a num- 
ber of calves whieh all manifest two rather pronouneed deformities, 
viz. a slight bulldog type of the head and flexed tendons on the 
hind h^gs. The defeets an* probably diie to the ]>leiotro]ne effeet 
of a dominant g(*n(‘, a hypothesis whieh will be tested in breeding 
exp(‘riments. Thre(* (*o\\s and a bull with a »eurly e-oat» are also 
kejit, in order to st udy the inlieritanee of t his eharacder. 
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4. Investigations into the geneticB and physiology of reproduc- 
lion in fur animals liave been carried oui diiring the last twelve 
years. Several reports on the reiuoductive physiology of foxes and 
minks, and two reports on the inheritan(‘e of the platinum and 
white face characters in foxes have been published. A report on 
the inheritanee of e.olor in blue foxes is in preparation. 

5. Stoeks of rabbits and mice are kept for various experimen¬ 
tal purposes. A graduate student is trying to analyze tlu» iufluenee 
of certain nutritional faotors on sperrn produetion in rabbits, and 
he is also studying individ ual differenccs b(»tween bucks in t his 
re8pe(*4. Another graduate is stiidying the influenee of differen(*es 
in the intrauterine environment on fetal developnu‘nt- in rabbits 
and the postnatal afttT-effects thereof. >\‘rtilized (‘ggs are traiis- 
plantcHl in the two-(udl stage from does of the small Tolish breed 
to does of Flemish (Hant or lilue Vicrnna rabbits and ri‘ei])roeally, 
as well a.s bet ween erosses of these breeds, and tlie young an^ weighed 
at ccrtaiii intervals from birtli to matiirity. The animals are fed 
ad libitum, and the eomposition of tlie di(‘t is the same for all llie 
breeds and erosses. Tln^ (^vperimental animals are kilh^d at a (*er- 
tain age, and eertain parts of the skel(‘ton are preservtMl for (‘xaini- 
nation. Tliis work has been in progress for s(*veral y(‘ars and 
is approaehing its eomplet ion; tlie results will be report ed in a 
thesis within the next year. — A seledion experiment vvith inien 
was reeendy started. 

(i. A surv(\y is made of tlie ndudeers on the mnth of ^SwtMlen, 
the ehara(*4erislies of loeul types and tlieir (Tosses. 

Other projects of a more or less extensive diaraeter an* tak(*n 
up from time to time to the extent the res()ure(‘s of the inslitnte 
permit. 

I rar rJohansf^o)i. 


Institute of Aiiimal Nutrition. 

This institute is organized for teaehing tlu*. stud(*nts, for (‘dnea- 
tion ot seientists, and for seientifie researeh in aniinal nutrition and 
care. 

All the students of the Collegi* liave to att(*nd the eonrses, hut to 
a different extent. Eaeh vvintcr a seri(‘s of aboiit r»0 leetur(‘S is gi¬ 
ven on the fundamental part of the subj(*(*-t taught. In (amueetion 
with this series, training-ianirses — a total of about 40 hours — 
are given in the knowledgi* of eommereial feeds and in pre]»aring 
sehedules of the rations of the animals. Then follows a series of 
about 70 leetures and semiuars on spe<aal })arts of the subject taught. 
The greatest parts are learnt by the student-s diree-t from the hand- 
books, leetures not being heki on these parts. 
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After passing tlie first examination some of the agronoms con- 
tinu(^ their studies to obtain Ihe degree of M. ö. in agrieulture 
in animal nulTition. Jlitherto two of tlu^ agronoms of tlio College 
have passed tliis examination, and two more are pursuing their 
studies. Further, on(‘ of tln^ M. S. in agri(iulture has obtained 
his doctor^s degree. 

In resear(ih work a great numb(*r of ])roblems have been treated. 
In the first plae.e, surveys of the develojmient of Swedish milk pro- 
duction in various parts of the eountry have at different times been 
given. It has been proved t hat the int(‘nsity of this prodiiction lias 
been inereased, as the yield of the eows has been raised inueli more 
rapidly than their weight. Thus, the feeding standards durmg the 
last years ha,ve been mueh higher than those followed 80—jO years 
ago. Resides, the quality of the rations has been improv(*d, as in 
tlie dry matter the (iontents of ]>roteiin minerals and vitamins have 
been inereased, and the eontent of eriide fiber deereased. Finally, 
the eeonomieal purport of this ehange as well as the })nysiologieal 
basis of a further d(*v(*lopment in the same direedion have been 
eJeaiMMl iip. 

The nutritive value and tli(‘ effer-l of AIV-silag«% wheat bran, 
and bn^wers grain liave b(*en in\estigat<Ml m ev])(Tirnents witli eows. 
The growth of <‘alves and heifers arni tlie (ffieieiiey of the feeds 
in two herds of Swedisli Ked and Wliite ealth* were studied by means 
of (lata obtained in a t(*st of live wtdght and feed-eonsumptioii of 
the aniinals a t diffcuTnt ag(‘S. St.indaTxis of minerals for farm am- 
mals were ]>repar(‘d togetlnu’ with tabh‘S giving the amount of 
various nutrients in the fcnnls used in praetii*e. 

In a nunib(*r of (*x])i*rimt‘nts som(‘ fundainental juoblems in silag(‘- 
making have ])een treat(‘d. In tln» first plaee a sliorl eutting of the 
(»nsiled (Tops prov<Ml lo de<*r<*ase the lossc^s and to im|)rove the cpia- 
lily of th(‘ silage. Furth(*r, wilting of t In» green erops befon* ensi- 
ling ])roved to eliange t In* proe(‘Ss of fennentat lon, resulting in mim^ 
laetie aeid and less ae(‘tie aeid and butyrie- ae,id. llesid(‘s, a lower 
loss of tlie f(*rmentation process and a higher (piality of the silage 
Avere obtain(‘d. A dry matter (*onlent of 80—85 of the <msiled 
erop ga ve the best r(‘sults. In tli(‘ wilting 2—l of dry mattin^ 
and 20—80 of e.arot(*n(" v\(*r<‘ lost. Adding molasses to tln» eiisiled 
erojis improved th<‘ f(‘rm(*ntation pro<*ess, loo. An amouni of 2—8 
])er eenl of niolasscvs vsas optimal from an (‘eonomieal point of view. 
Howev(‘r, the (piality of tln* silage was improviMl further when a 
great(‘r amount of niolassi^s v^a.' added. Th(‘ juice of the silage 
ean b(* retairu‘d in the silage and fed to the animals. The molasses 
must be mixed with wat(U'; a mixture of one part of molasses and 
one part of wat(U* ga ve lln» best ivsults. 

In th(' developnumtal pro<*(\ss (»f the growing grassland erops the 
(‘ontents in the dry matter of protein, el her exiraet, and ash 

VII — 4Sn)(» Kioxfl. Lahthrukshöqskuluns Annaler Vol. Oi 
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proved to decrease, and the content of erude fiber to increase. 
The negative correlatioii between the contents of protein and 
crnde fiber is very strong. At an increased erude fiber content 
of the dry nuitter the digestion coefficients of all the nutrients 
decrease reetilinearly, but in a different degree. In general, the 
decrease is greatest in protein and least in ether extraet. The dei)res- 
sion seems io bc independent of the plant species (alfalfa, clover, 
or grass) as well as of th(‘ treatinent of the crops (green, field dried, 
or ensiled). Further, an increase of the juotein content proved to 
increase the digestion coefficient of the protein, and an increase 
of the ether extra(‘t content to increase the digestion coeffiedent of 
the ether extraet, but in botli cases only in a small degree. 

Invcstigations of the optimal maturity stage for liarvesting forage 
crops proved that per uiiit of area a maximal amount of metaboliz- 
able energy was obtained at a later stage than a maximal amount 
of digestible protein. After evaluating the crop in moiiey, the highest 
value was obtained at a stage between budding earing and (»arly 
blom when the crop was dried on the field, but at ttie budding earing 
stiige, wlicni the crop was ensiled or artifieially dried. These results 
have been of very great imj)ortanee in juaetiee. Fn tlie last 7 yc^ars 
nearly 9,000 analyses of samples of field dried hay from all parts 
of öweden have been treated to obtain a knowledge of the cpiality 
of the hay. Tt has been showii that in eaeh year the* content of 
erude fiber has varied greatly from one part of the country t o anot her. 
Further, it has varied from one year to anoth(*r, de 2 )ending in the 
first pla(5e on the varying preeipitation in May—Junc*. A high pre- 
cipitation is followed by a low cpiality (a high content of erude* 
fibc*r) and vicje versa. 

Ill a lot of invcstigations the ability of the various si>e(*ies of 
domestic animals in digesting the nutTients has been (‘lueidat(*d. 
Tt has been proved ttiat in fc*eds and rations dclieient or poor in 
erude fiber the organic mattor is digested to nearly the same ex- 
tent by all the animals. Only in a small degree are swine more c*ffi- 
eient and hens less effiekuit tlian other sjieeies. With an incrc*ase 
of erude* fiber in t-he dry matter of fc^eds and rations the* digestion 
coeffieient of the organic matter decreases r(*ef ilinearly in all the* 
animals, but in a different degre*.e, the d(‘pression being least in 
ruminants and greatest in hens. All the mitrie*nts are inelueie‘d in 
the depression though in a different degree. 

As to the metabedizable e*ne*rgy in tlie fe*eds and rations, the in- 
vestigations have proved that for maintenane.e the nutritive value 
is independent of the erude fib<*r content of the dry matte*r. For 
produetion, however, the value varu»s with the contemt of protein 
and erude fiber. At a certain contemt of these two substances the 
efficiency of the energy is higher than at a lower, as well as at a. 
higher content, and thus the content of both prote*in and erude 
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fiber shows an optimum as to the valne of the metabolizable energy 
given abovc maintenance. Also some vitamins and minerals behave 
as protein and crude fiber, in each case an optimum being at hand. 
As the regressions of the efficiency coefficient of this energy on the 
(iontents of protein, erude fiber, and some other nutrients are 
(turvilinear, the value of the metabolizable energy for production 
cannot be determined by eornparing two rations with different con- 
tents of these substane.es — as Kellner did when lie calculated the 
starch value of individual nutrients and feeds by differenee — 
because this rnethod can give any value for the effeet . I^or can the 
method used by Fjord and his auceessors in the Seandinavian fee- 
ding trials be used for a det-ermination of the nutritive value of 
individual fe(‘ds. 

As the rc^gressions of the arnount of metabolizable energy on the 
eontents of the different nutrients m the dr v nntter of feeds and 
rations are, at least apj)roxirnateJy, r<‘<‘ti]inear, f he arnount of this 
energy, in individual nutrients and te<Mis, (nn be deiermined in 
metabolie experiments by use of a respiration ealorimeter either 
direetly, or by differenee. In this ease metabolizable energy behaves 
like digestible energy. Jfowever, in <'onnnon f(*{‘dB the eontent can 
be (Jalculated from the arnount of digestible nutrierits, This caleula- 
tion has betm adapted to ruminants. svin<‘ and hens, and for these 
animals tabl(‘S hav(‘ been >\orked out giving the content of meta¬ 
bolizable energy in all tlie feeds used in praetiee. Further, for the 
same animals, standards ha ve been worked out giving the need of 
metabolizable energy for maintenanee and production. For hor¬ 
ses, provisionally, the same e\aluation of the feeds is used as for 
ruminants. Tln* results of thesi* investigations are given in the 
textbooks on animal nutrition wliieh liave been prepared by the 
author. Axelsson, 

Institute of Agricultural Economics, 

Tn its sphere of aetivity, the Institute of Agricultural Eeonomies 
embraces not only farm management and a(*(*<)unting, but also 
marketing and agricultural jxditic.s. The regular staff of the insti- 
tute consists of a profc»ssor, a laborator in bookkeeping, and two 
assistants. In addition, special ti^achers give iiistruction in politi- 
cal eeonomies and agricultural polities. In view of the very signi- 
ficant. part playtxl by marketing in modern agriculture — and not 
least as a result of the great expansion of the co-operative move- 
ment in tSwedish agriculture — a separate Marketing Institute witli 
a professor and oiie assistant has been started during the present 
year. 

During the whole of its existeiiee, t lie institute has had very 
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close cooporation with the contiriuous agricultural economical 
iiivestigations whi(*li are carried out by tlie Agricultural Bofird, and 
which are centred at the Royal Agricultural (College. The insti¬ 
tuts has profited greatly by the results obtaiiied from tliese inves- 
tigations and has carried out further work with t hem. M(unbers 
of the institute — and in particular its former chief, i)rof(‘SSor 
INanneson — ha ve carried out. several investigations at the request 
of government committees, and liave also vvritten iiiuch used text- 
books on farm management and bookkeeping. On account of the 
large field of in vest iga tion offered by agricultural economu^s and 
the limited resources at the disposal of the institute, it ha-s naturally 
only beeii possible to include certain sections in the institute^s scoi>e 
of activity. 

Ainong investigations published by people altached to or closely 
associated with the instittite niay be mention(‘d: the (Honomic. 
vallie of paSture yields, (uilculations of costs of production and 
profitability in various branches of agriculture, problems of credit 
and debit in agriculture, th(‘ profitability of Swedish agriculture 
during the past quarter of a century, co-op(‘rative management in 
dairy husbandry, variations in efficiiuicy within Swedish agri- 
ciilturr, mechanization of agriculture as an (‘cononii(* probhun in 
farm iiianagement, labour consumption on big farms in Middle 
Sweden, seasonal variation of labour consumption as a study (»f 
investigational methods, and factors influencing the seasonal vari¬ 
ation of labour consumption. Of the last thre(‘ mentioned, two 
have been published in English and one in (rerinan. All the others 
ha ve been published in Swedish. 

Investigations are at- the present b(‘ing made into the seasonal 
variation of milk production, the economical and social conditions 
on faniily farms in middle Sweden, the length of working day on 
family farms, and the use of machinery on farms of difl*er(*nt sizes. 

Tccatthing of students in economics subjecds is carried out in the 
form of lectures, exenåses, and debates. Ea(*h student should also 
carry out a piece of individual wmk (budgtd ])lan). II has b(M‘ome 
the practice for students on the economics »lin(*» to spend a part 
of their sumnier holidays gainiiig expi^rieiuic at a bookkeeping 
bureau or otlier investigational organization, or in one of the agri¬ 
cultural co-operative enterprises. 

A ils WesU'n>i arvli. 


Physical Institute and Meteorolo^ical Observatory. 

The students labonitory is housed in tlie Pliysu-al Tnstitule. At 
the MeteoroloKicsal Observatory, situated on tiie plain north-west 
of the Agricultural College, the nieteorologieal elements are regis- 
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tered such aa tiiniperature, Immidity, precipitation, evai)oratiion, 
dircotion and velodily of tlie wind, teniporature of thc ground, 
iuaolat.ion and no(durnal radiation. Lindberg. 


National Animal Experiment Station. 

OrganLation. lu 1907 the Koyal Swodisli Aciidemy of Af^riciil- 
lure (■iätablislied at Experinioiitalfaltid iioar Stoc^kliolm a station 
for aninial rosearcli work (Ooiitralanstaltons Inisdjursavdelniii^). In 
1939, tli(\so aedivities were transferrod to tlie Ttnyal Aj^ricultural 
('Ollogo at rituna. 

Tlu‘ inain A\'oi‘k of tli(‘ station is in biiildiiiirs at or near 

t bo Hoyal Aj»Ti(ailtnral (Udlo^e bul ox])orinionts aro also oarriod 
ont on National Kosoar(*h Farms and in oollaboration witli i^rivato 
livosto(‘.k owners in varions parts of tho oountry. Siin*o 1942 tbo 
oontral rosoarcb orpinizatlon bas boon atta(*]iod to FJtuna witb 
offico and laboratory ])romisos at its disy)osaI. 

Tbo Work of tbo National Animal hxiHTirmad Station is oarriod 
ont. by t broo divisions nndm* a ])rofossor, wbo is also tbo diroetor 
of tb<* station, and two aKrioulturists (^latf>anronomor). The staff 
inolnd(‘s at pr<‘S(‘nt 2 ros(*arob assistants, 2S otbor assistants, and 
() offi<*o olorks, 

Tbo rosoarob is orpinizod as follo^^s: 

f^attlo and Sboop Division. All aspoots of o.attlo and sboop nu¬ 
trition and foodin^ is o()V(‘r<‘d by t bis diA ision, wliicb also handlos 
tbo rolatod probloms of foddor oonsorvation, probloms in ron^ba^o 
(piality and ntilization of ])asturo. 

Pi*^ Division. TSntrition and foodin^ ox]K*rinionts witli broodin^^ 
sows, boars and ])i^s aro oarriod ont by t bis division. In tbis (*on- 
nootion, tbo division also bandlos tbo ])i^ broodin^ tost in Swodon. 
Tb(‘ s(*bH‘tion of broodinji: stooks and blood liinai^os whiob fnlfil 
mark(‘tin^ rocpiiromonts and jiroxidi* tbo bost ymdit to tho farmor 
is basod oii tbis tost. 

Fonltry Division. Tbis division doals niainly wntb nutrition and 
foodiriij: jirobloms in (*biokons, tnrk(‘ys, ^ooso and duoks. In tbis 
Work aro also broodiiifr. batobin^*, n^arin»; and bonsing probloms 
involv(*d. 

In addition to t In* tbr(‘o main divisions t boro aro sootions doalin^ 
witb borsos, oonim(*roial furr(*d animals, and boos, and a (*homioal 
and pbysiolo^i:ioal laboratory for analytioal work and for oxpori- 
monts on yirobloms of toolmiquo. 

Di^ostibility <*\p(*rimonts aro cairriial out wdtli difforont spooios 
of livostook and a A^arioty of foods. Foods aro also oxaminod for 
nutritivo valno, suitability and tboir offoot on tbo qnality of tbo 
livosto(‘k in ^n*onp trials (foodiiii» oxporimonts). llosoaroli on animal 
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nutrition also covers questions of vitamin, protein, mineral and 
energy requirements as well as the testing and improvement of 
new fodders and mixtures. These experiments are conducted not 
only at Ultuna, but also at sub-stations in different parts of the 
eountry. 

In addition the problem of housing, which ealls for researcli on 
eonstruetion, heatirig and ventilation, faetors which (*oiint heavily 
in our northerii latitudes because of the great variability of eli- 
mate and feeding conditions throughout the year. A more d('- 
tailed description of the work of the station is given below. 

A very important part of the work at the station is (‘oncerned 
wdth the digestibility of various feeds and in studying this sub- 
ject, much is learnt about feed quality. Owing to differences in 
digestion and assimilation the performance of eaeh anirnal species 
has to b(‘ studie^l separatedy, and experini(‘nts are replicated for 
the sake of aceura(‘y. 

As the nutritive and produetive vallies of f(‘eding stiiffs deiiend 
mainly on tlie method of utilization, different rations are t(\sted 
in group triais over a (*omparatively long period of tinu*. Iii tliis 
w^ay the suitability of the nutritive A^alues of a special feiMl in- 
eluded ill a ration e-an be tested, and reconunendations giv(*n to 
farmers as to the best w^ay of utilizing special fca^ds. 

As forage erops form the main diet of the larger domestie ani- 
mals, it is highly important to undc^rstand what faetors affeed tlieir 
nutritive values. Orowth stage is one, and investigations are therc»- 
fore made upon inowing times usually in eonjunetion with dig(^s- 
tibility experiments. As most of the grcaai forage^ lias to be })rc*- 
served, in somc» w^ay, for wintc^r feeding purpos(‘s in the form of 
hay or silage, expc^rinients are carried out to compare llie lossess 
ocHiurring with different methods of preserva-tion and storage^ under 
various weather conditions. l'ndc*r this head the utilization of 
pasture is ineluded. 

It is well knowii tliat the quality of meat, milk, pork and eggs 
depends to a large exteiit on the^ diet and an intcuisivc» study of 
these relatioiishiiis is necessary if the exaeting standards of modern 
demand are to be attained. 

The healt h of livest ock is mainly a matter of care and f(*(‘diiig and 
in this connection it is hoped to intensify and (^xtend the collabo- 
ration of the National Anirnal Experimcuit Station with the Insti- 
tute of Veterinary Medicine in order to deal with tlie many jiro- 
blems arising in the care of domestie animals. 

The station is also working on various aspeets of housing, siich 
as heating, control of hurnidity, ventilation and floor- and air- 
space. 

With pigs the breeding iierformancie is assessed on the basis of 
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growth and quality of the carcass by testing the i)rogeny on a stan¬ 
dard diet. 

Feeding experinuMits are also carried out with fish oils, irradiated 
yoast and other sourees of vitamin 1) oii domestie< animals. 

Nils Olsson. 


National Agrononiy Experiment Station. 

The researcli and exp(‘rimeiital acdivities of the National Agro- 
nomy Experiment iStatioii are alniosl entirely aiiiHMl at solving 
problems of direet imietieal signifieamte for the erop grower. The 
qnestions now (daiming the attentioii of the four divisions are 
set forth iii the program of work un(l(‘r four heads viz. 1) Crop 
eultivation experiments luoper aml experiments eonneeted with 
w'eed eontrol. 2) Experiments /r mannring unå liniing. 3) Experi¬ 
ments }r organie soils and periodie grass leys for mowing. 4) (Iraz- 
ing experiments. 

1) Among tlie <*rop experiments ]u*oper slationarv v^arietal ex¬ 
periments should be mentioned. In th(’?’e promisiug new varieties 
h'om th(* plant-breed(‘rs whieli are not yel jnarketed are subjee- 
ted to a final test; further, eombined \arieties and seeding experi¬ 
ments with winter wheat and s(*eding experiments with winter 
rye; further, experiments re tillmg ie<*hnique of the gro\\ing of 
])ot.atoes, flax, hemp and oil erops and com])arisons between yel- 
low and blue sw<‘et lupin, 

Jfegarding we(*d <*()ntroI res(*areli tfn» Aational Agrononiy Ex¬ 
periment Station takes eare of the praetieal side of w<‘ed eontrol 
tlirough fallowing, spraying and dusting witli various ehemieals, 

2) Research in the s])h<‘re of mannring ehiefly aims at aseertai- 
iiing th(‘ possibiblity of more effieieiit use of manure. The in vest i- 
gations will eomprizi* eontiniKMl tests of stable manure and of the 
vallie of straw as a luimus-forming faetor. Moreover, experiments 
an* proiieeding with m‘W jiliosjihoriis manures, eombined liniing 
and artifieial manure experiments and trying out different me- 
thods of siireading and burying eommereial manure. The rapid 
methods of deterinining ehenii<*ally tlie soiks iieed of manure and 
lime whieli have be(‘n worked out by the (Tiemieal Institute of 
the Agricultural (%)llege and tlie Aatioual Agricultural Experiment 
vStations are of fundamental importanee for the use of manure. The 
possibilities of further betteriiig of these methods are subje(*4s to 
eontinual atteiition at the station. 

3) The qiiestion now doniinating researeh on tlie organogenous 
soils is the so-ealh‘d defieieney diseases and the ])ossibility of euring 
them by supplying so-called minor elements or traei*, elements 
(eojiper, boron, manganese ete.) or the use of other remedies. In 
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the fiphere of leys (»xpc^riments with red elover are going on; also 
experiments with hic-erne, with methods of layiug down of leys and 
investigations eoncerning the possibility of rejuvenating leys by 
meaiiR of aiixiliary sowirig and maniiriiig. 

4) In a-ddidion experiments re maniiring, liining, irrigat-ion, anx- 
iliary sowing and the laying down of grassland, the division for 
grazing experiments is eondueting an investigation of grazing- 
grouiid eoncerning the. signifieanee of spreading the diing of grazing 
animals as w(dl as the most (‘eonomi(*al method of performing the 
spreading. Furthermore, observations and ex])eriment,8 with (thee,k> 
ing i)ens for studies eoneerning the most suitable intensity and 
freqiien(*y of grazing. 

The Tsational Agronomy Experiment Htation ('arries on experimen¬ 
tal Work at its owm experimental farms, ])ermanent stations and ex- 
perinuaital fields in different parts of tln^ eonntry and the station 
has the privilege of eooperation with int erest ed priv ate farmers. 
The Station also takes care of many important matters eoinieeted 
with the experimental aetivities of eoimty agents all over the 
eoiintry. The station provides the plans for the experiments, 
follows the eourse of and inspeets tlie exj)eriments during the 
snmmer. 

The resnlts of the research and (‘XjHTimental work earried on by 
the National Agronomy Experiment Htation ar(‘ ]mblish(‘d a) in 
the following series: »Meddelanden» (Reports), 27 nos. ar(‘ jnib- 
lished, and »Särtryck oeh förliandsmeddeland(‘n» (Reprints and pre- 
liminary notices), 37 nos. are issned. b) in tlu» form of m‘ws])a])er 
artides, radio talks ete. The j)apers in th(‘ seri(‘s »Meddelamh^» 
ha ve summaries in a foreign langnage (as a riih‘ Fnglish or (rerman). 

(rustar Sauflelia. 


Library. 

Ae^‘ording to the regnlations for VUana Ijanthraksinstitiii (The 
Agrieiiltural Tnstitate at Fltima) the <lin‘etor had to eom])let(‘ the 
eolleetion of books with the grants, given by tlie managcanent. The 
Library wonld be open to the pnblie. The Roard of th(‘ Agrieiiltural 
Institute grant ed on Mareh 13,1853, an aiinual sum of 200 riksdaler 
towards the establishment of a library. FrintiMl eatalognes of tlu- 
Library were issned in 1855, 1875, 1882, and 1893. From thi» year 
of 1893 up to aiid iiKjhiding 1921 tlie Library publisln^d lists of 
aceessioris in the annual reports of the Agri(*ul(ural Institute. Tlie 
Library was in 1932 taken ov(*r by Lanthrvkshogskolan (The* Agri- 
(ailtairal Oolh^gt*)- ‘^inee 1933 the Library is re(‘orded in Accessions- 
katalog^ an annual union (*atalogue of tlie more im])ortant S\v(*disli 
S(dentifie libraries. It indudes, however, only works printed abroad. 



Tlia Royal Agrioultural College of Swodcn 


cv 


SiiKu* 1945 th(‘ Library is also recorded iii a quarterly list of aocos- 
sions of tlio Swedish agrbailtiiral libraries, whicli is piiblishod iii 
Kungl, lanthrukmkademii m tulnkriji. In 1946 t ho Library began to 
issuo iniinoograplH‘d lists of inoro importaiit aocossioiis. 

The, Library riMtoivod during t ho last ycar 2,1350 oiirrent serials. 
The ac^cossion amounted to 75 motors. Tlu* wholo oollocdion is ab(»iit 
1,500 iiiottns, looatod in tlio library building, orocdod in- 1942. Sinco 
t ho end of tlu* sooond world war tho library staff has boen biisy 
sonding roquosts for sptM imon oopios or lists of all serials of intorost 
for agrio-nltural ros(»aroh, whi<*.h aro not available in the Svvodish 
librarios. This t ask is n<nv oomplot(Hl. Tn tho last y(‘ar 16,757 voln- 
mos woro borrowcMl from t In* Librar>, oxoluding tho rofonmoe room. 
Tln» prosont staff of tho Library is a liorarian with four assistants. 
Tho anmial grant for book-}mrohas(‘S is 55,000 kr. 

Ln rs Fr gkholm. 
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Investif^ations on the vitamin D re(|uirements of 
chicks, poults, (lucklin^s and f^oslings. 

Hy NJLS OLSSON. 

Frotn ihe Animal Hvaenrch Station. 


I. Introduciion. 

Ill tli(‘ jioiiltry indiistry lo-ilay, Iho r<‘tirin^ ol poultb, du(*kliii^>:s, 
Koslinjrs and t‘sp(‘(*ially chicks has ils busitvsl s<‘as(m from thc bc^in- 
iiiii^^ of spring? to early snnimcr. Vp io this timc, (hc wt^alhcr is so 
clianf4(*abl(^ and cold that (h<‘Sc youiu hiuis. whicli rtapiirc warrnth, 
liavt‘ to ])c riMircd indoors for scvcral \\c(‘ks attcr liaichinK. As a 
rcsult of this thcy ^t‘t littli» or no snnshinc foi conxtTtin^* thc ])ro- 
vitainin J) in thtar skins to Titamin Ib Th<‘ vitaniin 1) must instcad 
b(* sup])li(‘d llirou^di tlu*ir food. Owin^^ to tlu* fact that iiidoor rcarinj»’ 
is a vital part of modern jioultry yiraclicc, tlicrc is a demand for morc 
knovil(‘d^.,^‘ of th(‘ aninials' r<‘qnirt*iiH‘nts of tlifferent vitamins and 
ot]H*r j)rot(‘ctiv(‘ siibstan(‘cs. Not mcr(‘ly thc vitamin 1) siijiply 
l)Ut tli(* vitamin I) najiiirtmicnts of tli(‘ diff(‘r(‘nt poultry sjiccics 
are inqiortaiit faetors in sncct‘ssfid indoor r(‘arin <4 pra<*ti(*(‘. The 
vitamin I) retpiirmnents of the animals tlt‘peml njion sevtaal faetors 
)H‘sid(*s snnshinc. Work on th(*s<‘ problems is now in jiro^ress. 

II. Technique. 

1. H<n(sht<j. Tliroiiiihont thc imcstiiration, tht* birds w(n*(* houseti 
111 cent rally heattai batti*r> brooders. Th(‘se had sereen floors, eacli 
consistin^ of a sin^le ])icc(‘ of ^alvani/a‘d win* nettin^' with hexa- 
^^oiial nn‘sln‘s, lU.o mm in diameter, of 0.75 mm witv. Ea(‘h ca^t‘ 
was divided into a small inner vvarmin^ room 22.5 73 cm in area 
and 30 cm hv^h, and a lar^e ont er room 52.5 75 30 cm in size 
>\hich was sejiarated from the feeoinjt and drinkin^^ trou^hs by bars 
made of thin iron rods 5 mm thi(‘k, set just far (mou^h apart (25 mm) 
to (‘iiable the birds to nsicli their food and wat.er. Tlie spaciiif>: was 
r(‘^iilated to the size of the birds by means of a liorizontal slat of 
masoiiite <S7 mm A\ide, which cuuld be moved np and down the 
bars and tlieii clamped to tliem with a pair of win^ niits (se(‘Fi^. 1). 

1 - 48I(K> J,ant(>ruksho(t'fkolnns Annalrr. Vol Hi 
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Fig. I. Roarmg cages used for vitamin I) tests. 

For tlie first foiir or five (Uiys after liaichin^^, the floor was 

completely oovered ovcr wilh a. sheet of Tnasonitt*, or thiek <*ar(l- 
board, to protoct Ihe youri^ birds froiti drauglit- and from gottirig: 
their le^ys tanj;led np in the nn^shes. For the first few days tlio 
small warmin^,^ roonis were kopt at a temperatnro of abont 35 ° 
and the lar^^er rooms at aboiit 20 ° O. Tliese teini)eratiires were j^rad- 
ually lowered as the animals grew up and ne(‘ded less A\’arnith. 
Throughout the investigation, the Windows of the battery rooms 
were covered wit-h red (xdlophane to exehuh* all antiraeliitie rays 
from the sunlight. 

2 . Basal diet and vitamin J) snpply. Diiriiig the investigation, 
the vitamin I) requiremeiits of the young birds W(*re based iii)oii 
diets contairiing Ca and P iu normal quantiti(‘S for eaeh speeies. 
The vitamin I) doses wen» mixed with the basal rations of the 
different speeies. The eod liver oil, used in this (^xperiment as the 
vitamin D sonree, contained, per gram, 180 Chi(‘k ITnifs of vitamin 1) 
standardised against vitamin D 3 obtained from Dr. Fr. Scheisc^k 
in 1938. 

3. Dose response of bone calcification to vitamin D, The rc^aetion 
of poultry to their vitamin D supply ean be judg(‘d from the degree 
of bone caleifieation, which can be determined from N-ray i^hoto- 
graphs of their tarso-metatarsal joint by the radiographie tedinique 
according to Olsson 1936, 1939, 1941. 
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Tmt - 

Cart. Torsus-mecatarsalis 



Tibla 

Tarsatia prox. 
Tarsus dist. 


Metatarsus 


Fig. 2. 


After devolopmont, the x>liotogrHp]is an*, plaeed iipon a glass plate 
illuniinated from bolow; the- distanees between tlie dist-al tarsus and 
the metatarsus (Fig. 2) are then measun*d with the aid of a lens, of 
S—12 magnifications, fitted with a seale reading off with the required 
aeeuraey of 0.1 mm. 

i. Calmlation oj ihe rcsnlis. The fmt values (the (‘artilageus be- 
Iween the (*aleifieation zoons of the distal tarsus and the Toetatarsus) 
for ehi<‘k8, ])ou]ts and ducklings not only exx)n*ss the degree of their 
bone ('al(*ification but also vary with tlu^ir body WTights (Olsson 
10.30). The mean w"(‘iglits w'ere below^ normal m groux>s suffering from 
severe Titamin 1) defi(*i<‘ncy, w ith the result t hat their tmt values 
were rather low'er than if the weight. of the birds had been normal. 
This error was correeted for means of the following formula: 

3 Wm • trnt 

2 W;, T W o 

Wm - the mean weight for normal groups, = the observed 

weight. 

(Vooked legs and other deformities w(*re no criterion of rickets 
owing to Ihe x>^»T‘li<‘ipati()n of other factors requiring sex)arate eon- 
sideration. 

Wh<*n t lie means of the correeted tmt values for ea(*-h groux) are 
plotted agaiiist the J) ratioiis per kg food, a logarithmie eurve is 
obtained und(*r coiiditions of vitamin T) defi(*iency. 


IIL Vitamin D standards. 

At a eonfereiice of tlie League of Nations Permanent Commission 
in 1931, irradiated (*rgost(*rol was adoxited as the international 
standard for vitamin I). One International IJnit (1. II.) is the anti- 
rachitic- activity for the rat. of one milligram of the International 
Standard Solution of irradiated ergosterol [equal to 0.025 micro- 
gram (0.025 gamma) of crystalline vitamin 1)] or the equivalent 
amount of U. S. P. Standard Peference Ood Liver Oil. This standard 
quantitat-ive measurement is used to e-ompare the antirachitic 
X)oten(des of various vitamin I) proparations with that- of cahåferol 
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in experiments on rats. In U. S. the standard measurement 
used is the vitamin 1) eontent of eod liver oil, tlie IT. S. P. standard 
(United States Phannacopoeial). One U. S. P. Unit has the same 
antiraehitie potency with rats as one T. U., i. e. 0.025 pimma calei- 
ferol (vitamin Dg). In 1934, the A. O. A. C. (Association of Offieial 
A^ricultiiral Uhemists) chick standard was adopted in tlie U. S. A.; 
one A. O. A. V, Unit has the same antirac^hitic potency with chicks 
as one U. S. P. Unit of vitamin D. 

In Swedeii, both chicks and rats are used as experiniental animals 
in vitamin D tests. With rats the International Standard (calci- 
ferol) is used, hut the standard ado])t>ed for chick tests corre- 
sponds closely to the A. O. A.U. standard in the U. S. A. The 
isolation of pure crystalline vitamin Dg made possible a doser defini¬ 
tion of this standard of which the unit of measurement, 1 Chick lUiit, 
is the antiraehitie potency of 0.01 pimma purc (*rystalliiie vitamin 
Dg. The antiraehitie poten(*y of 1 ('hick Unit is rou^ddy ecpial 
to that of 1 A. O. A. unit, and is thus comparable v^ith 1 I. U. 
of cod liver oil vitamin D. 

IV. The vitamin D requirements of chicks. 

1. Review of litcrature. 

Bethke et al. (1933) found that (he vitamin 1) requinMmuit 
of chicks reared in the absence of dirc‘ct sunli^^ht was 18.9 J. U. 
per 100 g food containinK cod liver oil, 1.02—1.12 Ca and 

O. 45—0.98 % P. Diirinj? the followinj*: y(*ars, s(‘vcral investiju:a- 
tions were carried out in the U. A. on the vitamin J) require¬ 
ments of chicks, and their results ran^ed from 14.9 to 18 I.U. 
(U. vS. P.) per 100 ^ food. Låter on, Coifcii et al. found that 
the vitamin D requirements of chi<*ks varied with the i\\ and P 
contents of their food. On a diet containinj;’ 1.48 Vi\ and 0.05 

P, their cod liver oil vitamin I) requirement for normal dev(*lopment 

was found to be 31 1. TT. per 100 food, (*ompared with 50.2 I. U. 
on a diet c.ontainin*^ 0.90 % (-a and 0.00 % P. Inveslijjfations carried 
out in Sweden on White Le^horn chicks (Olsson 1930) show(‘d that 
normal ^rowth and bone calcification <‘ould be obtaiiUMl on a diet 
containin^, per 100 31.5 T. U. vitamin 1) (from cod liver oil), 

1.77 (^a and 0.82 fr P. 

The relatiornship of the vitamin 1) requirements of cliicks (Whit(‘ 
Lefrhorn) to their c.alcium and phosphorus supply has aJso beeii 
investifrated in Sweden, by the authoUs X-ray method (Olsson 
1941). One series of chick frroups (Series 1) was fed on a ration (*on- 
taining digestible jnire protein 15 %, ('a 0.53 and P 0.44 
while two other seri(^s (Series 11 and III) were givaui the same diet 
with the addition of certain quantities of bone meal (Table 1). The 
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Table 1. The relation hetween mean group weights and tmt means 
of chieks given incrernental dofics of vitamin T) on diets of different 
Ca and P content {Series I, Il and 111). 


, Nunibor 

i 

chickH 


Por kg food 

Pod livor I Vitamin i), 
oil, g ; (^hick Unit-H 


1 i 

Mean woighi of chicks i Tarso-metatarsal j 
eartilago thiokness { 
I , (tmt) in mm ; 

Start I End (oorr. for wt.) l 

I i 


Senes J. (*a and P content of thc ration 0.530 % and 0.444 %; resp. 


K) 

3,5 

«>3(> 

j 50 

127 

1 

3.44 

17 

7.0 

1200 

1 50 

134 

j 

2.30 

i(> ; 

10.5 

' 1800 

50 

' 157 


1.73 


20.0 

i 3000 

56 

i 213 

1 

1.10 

Snies 

II. (Ui 

and P content 

oj thc ration 

I.fi02 % 

and 

I.OIo % resp. 

20 

0.0 

1 108 

50 

170 

1 

2.05 

10 

1.2 

1 210 

.50 

100 


1.07 

10 

l.H 

324 

j .50 

203 

' 

1..53 

20 

2.2 

' 300 

56 

225 


1.22 

Senes III. (\t 

(tnd P content 

oj the ration 

1.070 % 

and 

0.71(> resp. 

U 

0.4 

72 

50 

105 


2.52 

ITi 

0 8 

144 

.50 

200 

; 

1.83 

15 

l 2 

210 

50 

235 


1.22 

14 

I.O 

: 288 

50 

240 


1.08 


Ilighor the bono nioal content of thc ration, thc lowcr bccanic thc 
vitamin I) rcqnircmcnts of tlic chicks. This is shown by Tablc 1, 
wliich also shows thc dcgrcc of <-alcificatiori {tvif valiics) of tlic 
different gronps. 

Th(* rcgr(‘ssion of tlic av(‘ragc ^nnip-tmt values ( V) with cacli 
sii<'(*cssiv(* incr<‘asc in thc cod liver oil ration (log g per kg food 
(log .r)) >\as plotti‘d for cach gronp and thc enrvess snioothcd out by 
thc Icast s<piarc method. In thc diagram, Fig. 3, thc regressions are 
straight lincd. A mean toit valuc of 1.0 mm for a group of four week 
(»Id chicks weighing ^23 g cach, is a sign of vitamin 1) Kufficicri('y. 

Wh(‘n thc» c»([uations from thc straight regression lincs sliowii 
in Fig. 3 are» worked out in terms of log .r, witli a tmt valuc (Y) 
of 1.0 mm, thc rcsult, ./• (c»\prc\ss(*d in g cod liv(»r oil pc»r kg food), 
is thc (hick’s minimum rccpnrcmcnt of cod liver oil for vitamin D 
sufficiency. This valuc is giv<*n in the tablc together with its ecpiival- 
ent in ('hick Tnits. The vitamin 1) rccpiiivmcnts of the chicks thus 
show a marked \ariation with differences in the Fa and P contents 
of thedr diet. The (‘hicks in Series 1 wpre found to ha ve a vitamin D 
recpnremeiit about 7.2 tiines greater than those in Series 11, and 
about 12.S t imes greater than those in Series III. 
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Log grams cod hver oil per kg food (log jl) 

Fig. 3. Changcs in the vitamin reqiiiroments of rhieks with the calcjum and 
phosphoruH eontents of their diet. 


Equations for the regression lines: 

I. y- 2.172 -3.056 (logar - 0.928) 
II. y-1.840-- 2.483 (logar - O.IU) 
IIJ. y-1.711 -2.540 (logx i 0.074) 
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The following tablo gives the vitamin D requirements of White 
Leghorn chicks, for normal growth and bone calcification, on rations 
of varying Ca and P contents: 


-- — 

- — - 


Porceiitage 

ni food 

Chick Units vitamm 

Ca ! 

P 

D/IOO g food 

0.53 

0.44 

369 

1.80 ! 

1.01 

.51 

1.67 

0.71 

29 


This shows clearly the extent to whi(‘h the chicks’ vitamin J) re¬ 
quirements were affected by the ihi and P (*ontent of their diet. 

For normal bone calcification on a diet containing 1.67 % Ca and 
0.71 % P foiir weeks old cliicks in Group III required ‘289 Cliick 
TTnits vitamin D/kg. For the first week after hatching, they were 
fed on a rachitogenic diet without any vitamin 1) supfik/, and their 
vitamin 1) requirements were probably greater tlian would have 
beeii the case if the later experimental diet had been given right 
from the start. 

Under (‘crtain conditions, the vitamin T) re(]uiren)eiits of the chi(*ks 
may be as low as 200 Chick IJnits of vitamin T) per kg food, even 
in the abseiu^e of aiitirachitic light. The explanation is that when 
laying hens are exposed to direct sunlight, the chicks which hatch 
outr of their eggs have a large reserve, and hence a comparatively 
small requirement of vitamin D. 

Since th(* vitamin 1) supply of Uie (diicks was measured in percent- 
ages of the food, no marked variations in vitamin 1) requirements were 
detectable during the first 8 weeks. During tlie 5 montlis’ develop- 
rnent period prior to full ossification, it was impossible to determine 
the vitamin I) requirenients of the chicks at any given time. Varioiis 
<lata jniblished seem to indicate tliat the vitamin D supply of im¬ 
mat ure (diickens caii be decreased for the few^ inonths preceding 
sexual maturity, biit it is not clear, liowever, whether this would 
react unfavourably on tlie subsequent egg-laying jieriod during 
wliich tlu‘ hens’ vitamin 1) requirements are doubl(‘d. As the chickens 
are g(uierally piit outside afti^r the age of 8 wei^ks, their vitamin 1) 
recpiirennmts no loiiger present the same problem as during the 
indoor period. 

Investigations on the vitamin I) requirements of chickens have 
mostly b(‘en lu^stricted to the White Leghorn breed, and less regard 
lias been paid to the other breeds. It does not follow, however, 
that all breeds have» tlie same vitamin D requirements. The author 
(Olsson 1941) found tliat Khode Island TIed chicks had 2.6 times 
the mean vitamin D requirement of Wliite Leghorns tested under 
the same conditions. 
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2. Research at the Animal Research Station, 1945. 

a. A comparative investigation of the vitamin D requirements of White 
Leghorn and Rhode Island Red chicks. 

The investi^^ation was started when the ehieks were oiie week old, 
and went on for two weeks. The vitamin 1) preparation used was 
referenee eod liver oil coiitainin^? 180 Chiek Units vitamin 1) per ^?ram, 
and the methods were the same as in previous experiments (Ols¬ 
son 1941). The ^ronping, vitamin 1) siipply, w(‘ij^dil8, and dt^^ree of 
c-alcifieation in the bones of the tarso-metatarsal joint (tmt values) 
of the ehieks are given in Table 2. The eurves in Fig. 4 reprt^sent 
the average tmt regression in log g eod liver oil per kg food. From 
this the ratio of the vitamin 1) recpiirenumts of the two breeds for 
obtaining equal bone ealeifieation was worked out from the eqiia- 

tion: log M (log .ti — log ;rij) - ^ ^ ^ wliere M is the ratio 

b 

between the vitamin D requirements of the two breeds, log x\ and 
log xn the groiips’ respective eod liver oil dos(\s expre8S(‘d in log g, 
Yl and Yn the groups’ respective tmt averages, and h the equaliz(*d 
slopes of both regression lines. 

In this ease M ~ 2.75, whieh means that the Hhode Island Red 
ehieks required 2.75 tinies more vitamin i) tlian the Whiti* Jjeghorns 
for obtaining the same degree of bone (‘aldfieation. This result 
agrees with those of the previous investigation by the author (1941). 

Table 2. Vamparinon oj the vitamin T) requirements oj White Leg- 
hor71 a7id Rhode Island Red ehieks. 

Ca and P eontent of the food 1.67 and 1.05 nvspeetively. 


IVr kp; food j Wt. of fhi<'kK, in g at Tmt inoaoH in iiuii 


Group 

no. 

Niimhor 
of ehieks 

CV)d 

liver oil 
{^) 

Vitamin D\ 

(Ghiek start 

Units) j 

IVlales , 

n d 

Feinak‘s 

H(*ad- 

ings 

(\)rn'eti‘d 
\ aliie 
(for \s't.) 




(1) 

VVhit(‘ L<'ghorn. 




1 

20 

0.8 

144 

i (»0.5 

144 

108 

' 2.03 

2.18 

2 

20 

1.0 

288 

i 00.5 

154 

130 

1.39 

1.43 

S 

1 20 

2.4 

482 

; 00.5 

100 

125 

1.04 

1.05 




(11) Hhodo Isiainl Ked 




7 

1 20 

1.0 

288 

1 50.0 

141 ! 

105 

2.74 

2.98 

8 

20 

2.4 

482 

1 50.0 

139 1 

115 

1.78 

1.91 

9 

20 

4.0 

720 

; 50.0 

135 

122 

1.37 

1.40 

10 

20 

5.0 

1008 

1 50.0 

102 i 

137 

1 1.24 

1.24 
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Fig. 4. 4’fH' <liff(*n*noo \itaniiii 1) roqmroinrnts of Khodt> Tsland Hod 

and Wlnto Lcghorns chit ks. 


6. Comparison of the vitamin D requirements of While Leghorn and 

hight Sussex chicks, 

Following tlie discovory of tlio differeiicevS iii tlie vitamin D re- 
quimnents of White Leghorn and Khode Island Red ehieks, similar 
eoniparative investigations wen» earried ont witli Light' Sussex 
and White Leghorn ehieks, under the same eonditions, and using 
the same teehniqiie as in t]i(‘ pn^vious investigations. Table 3 gives 
the grouping and vil amin T) doses of the animals, along witli the 
other resiilts of the investigation. 
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Table 3. Comparison of the vitamin D requirements of White Leg- 
horn and LigM cMcks, 

Ca and P eontcnt of the food 1.67 and 1.05 respeetively. 




Per kg food 

Wt. of chicks 

. m g at 

Tmt rneans m mni 

Group 

IIO. 

Number 
of chicks 

1 

God 

jliver oil 

Vitamin D 
(Ghick 

start 

e n d 

Road- 

(^orrectod 
valup 



(g) 

llnits) 


Males ; 

Females 

ings 

(for wt) 




(1) White Leghorii. 




1 

17 

1 0.6 

' 108 

47 

101 ; 

85 

1.96 

2.28 

2 

17 

1 1.2 

216 

47 

113 

81 

1..38 

1.59 

3 

17 

j 1.8 

324 

47 

105 1 

100 

1.02 

1.14 

4 

17 

2.4 

432 

47 

115 1 

91 

0.99 

1.11 




(II) Light Suööox. 




21 

23 

1.6 

288 

46.5 

126 I 

103 

1.51 

1.66 

22 

23 

2.8 

504 

46.5 

124 

113 

1.10 

1.20 

23 

23 

4.0 

720 

46.5 

121 1 

118 

1.00 

1.09 

24 

23 

5.2 ! 

1 

936 

46.5 

134 1 

113 

1 

1.02 

1.09 

Results, 









A eomi)ari8on of tlie niean weiglits of tln^ two breeds showcMl that 
the Light Suasex (‘hi(*ks had the higher growth rate, and therefore 
reqnired more vitamin B than the Wliite Leghorns to obtain tlie 
same degree of bone ealcifieation as the latter. The regrt*ssion of 
the imt averages, expressed in log. grams eod liv(*r oil ])er kg 
food is seen in Fig. 5. The results show that tlie Light Siissex ehieks 
reqnired 1.6 times as miieh vitamin I) as the White Leghorns to 
obtain the same degree of bone ealcifieation. 

The cffect of caleiferol {vitamin on ehieks, 

A large number of experiments have been carried ont on ehieks 
to corniiare the effects of vitamin Bg, vitamin Bg and eod liver oil 
vitamin B. A review of these experiments was given by the author 
(1941). 

Wansciier (1939) found tliat vitamin B in eod liver oil liad 8— 16 
times greater potency with ehieks than vitamin Bg. Aecording to 
Swedish experiments (Olsson 1941), 1 C^hiek Unit (0.01 gamma) 
vitamin Bg is about 12.5 (12.7+0.45) times more potent wdth 
ehi(*ks than 1 I. IT. (0.025 gamma) vitamin Bg. The ratio between 
the potencies of vitamins Bg and Bg on hens was found to be about 
32 : 1. On rats, vitamins Bg and Bg have the sarne degree of poteney. 
Meanwhile, Grtogeman (1945 a and b), found that the rat poteney 
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Fig. T) bolwoen vitamin 1) requirenionts of Fight Sussox 

and White Leghoru ehioks. 

ratio of vitaiiiiiis Dy : 1.31:1 limits of error, 

approx. t) %). 

ETperim vn ts 1945 — 1940, 

Ju 1945 tlu* Animal Hosoarcdi Station obtained saiiiples of (Tystal- 
line vitamin Dg from tho State Institute of I^ublic- Health and A/J> 
Astra. Three s(*rh‘S of (^xperiments witi* earried oiit on White Leg- 
horn ehieks t,o enmpare these vitamin Dg samples with the vitamin I) 
in (*od liver oil. The vitamin 1) eontent of tliis eod liver oil was found 
to ])e 180 t-hiek Lnits })er g in (*liiek tests against erystalline vita¬ 
min Dy. (1 ('hi<‘k Unit is ecpial to the poteney of 0.01 gamma vita¬ 
min Dy.) The erystalline vitamin llg was dissolved in snffieient. oil 
for the latter to eontain 2 500 T. U. vitamin Dg per gram. The ex¬ 
perimental iiroeedure was as previously deseribed. 

BesitUs, 

The gronping and dosages of the ehie.ks are shown in Table 4 
together with the experimental resiilts, The trnt regrc^ssions in 
log. grams of cod liver oil and vitamin Dg Solutions are shown in 
the Fig. 6. The following table gives the resiilts of the tests: 
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Table 4. ResuUs oj experiments with ealeijerol {vitamin D^) ehieks 

(White Leghorn). 


Group 

no. 

Nuinbor 
of chiolvR 

Per kg 

God liver 
Oll 

:ood (g) 

V liamin 

D .2 Oll 

At thc and of the 

Moan weights of 
chiekö (g) 

Males ' Pernales 

experiment 

Trut ineans 
mm (weight 
correetod) 






Test I. 





Series 

1, 

fW lir^er oil {ISO 

(Oiick Vnits 

pei g). 


1 

15 



0.8 

.— 

125 1 

107 

2.34 

2 

15 



1.0 

— 

12 !) 

123 

1.87 


15 



2.4 

— 

140 

140 

1.14 

4 

15 



3.2 

— 

159 

127 

1.15 

Sp 7 left 2. VitcD/iifi 

D., oil {2500 I. V. 

per 7 ), .4/77 

Astra, Sodeitalje. 

1 

15 



- 

0.8 

143 ! 

118 

1.90 

2 

15 




1.0 

149 

134 

1.20 


15 



-- 

2.4 

100 

14(» 

1.05 

4 

15 



- 

3.2 

144 

145 

1.04 






Test 11. 




1 

Seru‘8 

/. 

Cod hvet Oil {ISO 

('hiek Vnits 

per g). 


1 

15 



0.8 


134 

109 

2.01 

2 

15 



1.0 

— 

132 

123 

1.80 

3 

15 



2.4 


143 

134 

1.27 

4 

15 



3.2 


151 

140 

1.21 

SericN 

2, Vitamin 

7^2 {2500 T. V. per f/), A Ji 

Astui, Sodi rtalje. 

1 

15 



— 

O.H 

154 i 

117 

1 .(>0 

2 

15 



— 

1.0 

144 1 

134 

1.20 

3 

15 



— 

2.4 

153 

144 

I.Ol 

4 

15 



— 

3.2 

150 

141 

1.00 






Test 111. 




Series 


Cod livt 

r Oll {hSO Chiel Vnits 

per g). 


1 

15 



O.S 

-- 

112 

105 

2.48 

2 

15 



1.0 


130 

112 

1.91 

3 

15 



2.4 


142 

123 

1.42 

4 

15 



3.2 


138 

123 

1.32 

Srrictf 2. Vitamin 

7^2 {2500 l.V. per 7 ), .4/77 

Astra, Sofleifalir. 

1 1 

15 



- 

0.4 

132 

121 

(2 00 

2 

15 



_ - 

0.8 

138 

117 

2 10 

3 

15 



-- 

I.O 

140 

130 

1.73 

4 

15 




2.4 

150 i 

141 

1.19 

Senes 3, Vitamin 


oil {2500 /. U. per g) from Vablic, Health Instdnte. 

1 

15 



— 

0.4 

137 

117 

2.42 

2 

15 



— 

0.8 

140 i 

1 17 

1.99 

3 

15 



— 

1.0 

150 1 

130 

1.28 

_4 

1 5 




2.4 

141 1 

143 

1.19 









Lnnits 


Assay of nitio 1 ('hick 


Expciiiiiont IU1 

vitainiu I) of cod livoi oil. 

1 l.l\ Mtamiii J).j, 

; (}’ 0.95) 

(P =- 0.99) 

J. 

h.4 

7.7—11.5 

7.;i -12.2 

II 

7 2 

5.5— 9.4 

, 5 0- io.:j 

Illa . 

S h 

5.5 - 1:1 7 

4.S—14.5 

JlDi . . . 

7 a 

5.0 -10.5 

5.4 — 11.4 

Mimiti 

S.2 

(>.l 10.9 

5.5—11.9 


Siiice 1 ('hick Tiiit of thc* cod livcr oil vitiunin 1) was cqual to 
tlit‘ j)ot(‘iicy of 0.01 ^^ainina vitaniin J> 3 , and 1 !. V. is cqual to 
thc antiracliiti(* ])otcncy of 0.01^5 piimna vitamin Do, thc result. 
shows that thc ('hi('k potcncy ratio of vitamins D 3 : Dg w*as aboiit 
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21 :1, This ratio is some 34 % lower than that obtained in the earlier 
Swedisli results (Olsson 1941), which showed the chiek potency 
ratio of vitamins Dg: Dg to be 32 : 1 . The result obtained in 1941, 
however, was not based upon a comparison of crystalline vitamin 1)3 
with crystalline vitamin Dg, (as the latter was nnobtainable), but on 
vigantol as the established standard. It is therefore not unlikely 
that tlie vitamin 1 ) i)oteney of the vigantol was rather lower than 
indicated by the figures. But it is also possible that the vitamin D 
potency of the referenee cod liver oil underwent some chang(^, al- 
though it was kept in cold storage under COg in sealed bottles. Tlie 
question must therefore b(‘ left open. 


V. The vitamin D requirements of poults. 

1. Review of literatiire. 

ScoTT et. al. (1932) found symptoms of ri(*kets and leg weakness 
among Bron(*e poults r(*ared indoors on a diet d(‘fici(‘nt in vitamin i). 
A control group, reared on the same diet. und(*r tlH‘ sann^ coiiditions, 
grew and developed normally and 8 hoN\ed no racliitic synii)toms, 
as a result of 16 minutes daily exposure to tlie rays of a lOO watt 
mercury vapour quartz lamp. Shortly afterwards, Bauu) vi al. (1935) 
found that the mean vitamin D requinunents of Hroncc» ])oults was 
roughly 00—70 U. S. P. Units per 100 g food. The ])oults were 
reared indoors, in the absence of sunliglit, on an all-niash diet con^ 
taining 1.0 % Ca and 0.8 % P. Similar experinnuits, perfornied by 
JuKKS et al. (1939) and by Sanfokd and .Itkes (1914), showed 
that the mean vitamin D requirement of poults r(*ared und(‘r the 
same eonditions was 200 Å.O.A.C. Units jier 100 g food. As 
previously mentioned, the antirachitic potency of one A. O. A. i\ 
Unit is about equal to that of one 1^ S. P. Unit and comparable 
with that of one International Unit of vitamin I) from (od livi^r 
oil. Meanwhile, Titps (1939) had shown that 80 A. O. A. U. Units 
of vitamin I) per 100 g food was a sufficieiit dose for jioiilts, and 
this figure was confirmed by Baird and (Ireenf (1935) and Ham- 
MOND (1941). 

Eodertson, IlHiAN and Wilhelm (1911) found that for the first. 
two we(‘ks after hatidiing the vitamin 1) requirermuits of Bronce 
poults were strongly affected by the previous vitamin D supply of 
the laying turkey hens. Experiments earried out at the Animal 
liesearch Station (Uppsala, Sweden), showed the mean vitamin 1) 
requirement of White Holland poults, reared indoors in the absen(‘e 
of sunlight, to be 70—80 Chiek Units per 100 g food eontaining 
1.5 % Ca and 0.72 % P (Olsson 1942). These results are in agree- 
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ment witli those obtained in the U. S. A. since one (3hick Unit (equi- 
valeiit to the antiraehitic potenoy of 0.01 gamma crystalline vitamin 
D 3 ) lias roughly the same value as one U. S. P. Unit or one A. O. A. (\ 
Phick Unit. A further experiment by, Oarver and Rhian (1942) 
showed the minimum vitamin 11 requirement of poults reared in 
the absence of sunlight to be 80 A. O. A. C. Units per 100 g food, 
using eod liver oil or pro-vitamin 1 ) irradiated with ultra violet 
light as the vitamin souree. 

JloiTCHER (1944) reared poults on diets ('ontaining vitamin 1) from 
four different sourees: referenee eod liver oil, irradiated aiiimal sterol, 
irradiated 7-dehydroeholesterol, and sardine oil mixed with eod 
liver oil. The irradiated animal sterol was found to have twiee as 
mueh vitamin I) poteney on th(» poults as eod liver oil. Sardine oil 
was also found to be more potent t han eod liver oil, but its response 
eurve was more similar to t hat of the eod liver oil tlian that of the 
irradiated animal sterol. The mean \itamin 3) rc*(piirement wlien 
using sardine and eod liver oils was nearly 200 A. ().-\.(\ Units 
p(*r 100 g food, as againsl 80—100 A. O. A. P. Units with irradiated 
animal sterol. fle sugg(‘sted using poults as test a nimals for distin- 
guishing various l)-vitamins having an id(‘nti(‘al <^fleet upon ehieks. 


2. Investigations by ihe Animal Researeh Station, 1942-1945. 

MaUrUilH aml mrthods, 

ISh^wly hatelied White Holland poults w(*re reared and investigated 
in eentrally heat(Ml batt<‘ry broodtTS as dt^seribed on page 1. Their 
basal diet had the following eomposition: 


lla^al du*t ; 1) (Jrouiid gram mixtuiv (Oats ainl barley). 30 % 

2 ) Oroimd maizo. . 30 >» 

3) Soya hean irical . . 13.5 >' 

4) l)ru»d skini inilk. . 10 •> 

5) Liicerno hay moa] . . . 0 » 

(q Dncd y('ast. . 3 

7) ('oiimioii salt. . 1 

8 ) nowdorod chareoal . . . . . 0.5 » 


100.0 

95.5 % 
2.0 >• 
1.5 » 
1.0 >- 

100.0 % 

This mixture eontained digestible pure protein 15 Pa 1,45 %, 
and P 0.72 %; (\i : P - 2 . 01 . 


Tost du*t : ]) Basal lation. 

2 ) Bone ineal 

3) (Iroiiiid hmestone . . . 

4) Oils. 
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Table 5. Plan and resuUs of an investigation on ihe 
M meiin bm ^ standard error 


Nuinber of poiilts | 
at the I 


Por kg food 


Meaii woight of poults 
after hatching (g) ^ 


1 ; 2 I 3 I 4 

woek wooks j wt'oks 1 wooks 


1 

14 

13 ; 

117 

5400 

1 1 
1 ; 

158 1 

1 

22 « 1 

338 

2 

14 

14 ! 

216 

>. 


166 i 

243 1 

389 

3 

14 

14 

324 


' 100 ' 

164 i 

236 , 

356 

4 

14 

13 ' 

432 


: 100 ; 

166 ! 

239 i 

394 

f) 

14 , 

14 j 

540 j 

>. 

101 ; 

157 1 

233 , 

375 



i:i i 

810 i 


1 101 

169 1 

232 ! 

375 


^ Mean weight at- hatohing - 96.8 g = iiioan weight of tnalos and foniale». 

Jicsm7'ch, J942, Experiment A. 

Tn previous investi^^atioiis on tln^ vitamin I) rcMpiironKnits of 
poults, the dogfree of tlmir bone cabåfieation was ineasunHl at tln» 
end of the 4t]i week. ]n 1942, further investi^^ations were earried 
out with a lar^e nuinber of poults, inainly wit h tlie object of deti^r- 
inining the hMig:th of tiine in this teelmicpu». These poults werc* 
separated into ^^ronps of fourteen to fifteen birds, A\'hos(‘ food (*on- 
tained speeifie, quantities, ran^?in^' from 0.65 to 4.5 of eod liver 
oil, per kg: (equivalent to 117 and 810 Ohick Tnits of vitamin I) 
respeetively). AvS the eod liver oil also eontained vitamin A, th(‘ 
various jiToups would have n^eeived different quantiticvs of this 
vitamin so long* as their orily souree of vitamin A was eod liver oil. 
In order that all the groups should reeeive t In* same (juantity of 
vitamin A (5 400 I. U. per kg food), groups 1—V were supplied with 
the reqnlsite amounts of a vitamin A oil eontaining no vitamin I). 
At the end of the first, seeond, third and fourtli weeks of the in¬ 
vestigation, the poults were all weiglied and X-ray jOiotographed, 
the tmt av erages being eorr(»(*t(Hl to t Inur averag(* weight s by th<‘ 
method previously desiTibed. Tlunr groiijung and vitamin supply 
are shown in Table 5 along with the other results. 


(Jroup 

no. 


Start 


End 


Vitarnin 

D 

(Phick 

Units) 


Vitamin 
' A 

I (I.U.) 


Results, 

Ae.eording to Tabh» 5, th(‘ differeiiees betw(‘en the m(‘an averag(‘ 
weights of ihe poults were signifieant only in Group 1, whi(*h, 
throughout the experiment , gained rather more in weight t han the 
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itamin 1) rcquiremenia of pouHn, 1942 (A). 
f nioiin a ~ »tandard deviation. 


Thi('kiit'.sH of iarso-motatarstil <*artilage (tint) in mni at tho ag(* of 



1 w('ok 


2 wooka 


3 \ve<*k.^ 


4 w'ppks 

r/5 

Öt , 

('orroetod 

^ i 

( V)7TO(*t(*{l 

& 

(\)rrp(*ted 

(Ä 

tL ' 

('orr<M*tP(l 

'B 

(for wt.) 

- 

(foT wt.) 

' '§ ' 

(foi wt.) 

, 3 

(foi wt.) 

OS 

-- 

5 j 


! S 


5 1 

- - - 

X , 

il/le,; 1 ö 

« ! 


1 ^ 

tV + f,/ <f 

' X 

i 


a 


- j 
2.21 
2 12 
2.02 
2.08 


2.20 1 0.07 0.28 2.47, 2.r>3 -fO. 17 I O.Ol' 2 2.5 

2 10 U).08'0.31 1.70 1.78 + 0.07 I 0.28 1.01 
2.20 j_ 0.00 0.3:1 1.011 1.0 W 0.0.5 I 0.18 1.40 

2.12 i 0 10 0.30 1.40! 1 40 f 0.04 ' O 14 131 

2.(>2-^ 0.00 0.34 1.341 1 30 j 0.03 | 0.12: 1.20 

2.07 f 0.08,0..3(t 1.20! I.30_l 0.00 | 0.23 1.30 


I I 

2.20 10 0.08' 2.42 2..53 + 0.18: 0.00 

1.58 M).07 0.2.5' 1.74 1.72 + 0.07 0.28 

1.38-^ 0.05 0.20' 1..5a 1 .58 + 0.07 0.20 

l 20: 0.04 0.10 1 .30 1.38+ 0.04 0.1.5 

1.2.5 1 0.03,0 12; 1.32 1.32 A 0.00 0 22' 
138 10.00 (»22 1.2.5 1.35 + 0.04, 0.14' 

1 I ' 


ofhi^rs. Tim diff(a‘(‘iic(‘8 in vitamin 1) d().s(‘s liad nu apparont oftVct 
u])un ni(‘ in(‘aii vMÖghls uf llu* otlior groups oi puiilt.s. Ev(^n by tlit‘ 
(‘Ild of tlu* firsl \\(‘(‘k of tlu* <‘X])(‘rim(‘nt» tli(‘ tnd \alu(\s, when 
<*oiT<‘(*t(‘d for \\(n'glit, alr<‘ady sliowmd a .strong t(*nd(‘n<*y lo d(‘(*roa.S(‘ 
witli tli(‘ larg(*r vitamin 1) do.s(‘.s. TIk' .small(*r tln^ iml valno, th(‘ 
b(‘tt(‘r \\a8 Iho (‘al(‘ifi<‘ati(»n. Tliis kmdoiuy liad b(‘(*oin(‘ .still mon^ 
mark<‘d liy 1lu‘ (‘iid of th(‘ tlnrd and fonrtli \\(mks. Tln* d(‘(*r(‘a8o 
in th(‘ nmaii.s of Iho imt valno.s >\as .simultanoously ao(‘omi»ani(M] 
by a do(Toa.s(‘ in Iho standard doviations of t ho latt(‘r. In Iho mo.st 
higlily dos(‘d groups, 1h(‘ imt valiio.s 5\(*ro airoady at tlioir minimnm 
by th(‘ ond of tho sooond \5ook, showing tho (‘inorgmiioo of difbwicos 
b(‘tv\(‘on tho vitamin I) off(‘ots (»f thi* difftTont do.so.s. Tho loAVo.st 
tmi moan (vvl. oorro(*tod) was 1.‘Ui in two wook old ponlts on a 
\ itamin 1) ration of olO (-hiok ITiit.s i)(‘r kg food; thi.s figuro wa.s 
miohangtsl by tho ond of Ihofourlh wo(‘k. Tho .slightly highor tw/i 
moan of (Iroiip b at 1 \\<‘oks of ago may b(‘ oomsidorod as a random 
valn(‘. Tho rosults t hus show t hat in t his oa.so, a ration of 540 (diiok 
Tnits of vitamin I) jx*!* kg food was siiffioiont for .satisfaotory bono 
oaloifioation. 

Experiment Ii. 

Tho provious invostigation on poults .showod that tlio dogro4‘ of 
th(*ir bon(‘ oaloifi(*ation, as d(‘t(‘rmiii(xl by tho vitamin 1) siipply, 
oould bo ostimat(‘d by tho ond of tlio sooond wo(‘k. Thoir vitamin I) 
rcnpiiromonts (Olsson 1042) had shown that: tho moan vitamin J) 
roipiironumt of Whit(‘ ITolland poults wa.s 800 Chiok Tdiits por kg 
food undor tho saim» oonditions. To aooount for thoso dis(‘r(‘panoios, 

2 4Ni(»(> Lantbruktth<)<fskolant> Annnhr. Vol lö 
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Table 6. Flan and results of an investigaiion on the vitamin D 
requirements of poults, 1942 (B). 


M ~ int^an, es == standard error of mean, a — standard deviation. 


Group 

no. 

Niimber of 
poults 
at thfi 

Por kg food 

,, , , Thicknoss of tarsomota- 

Moan woiKht | oartilago (tmt) 

of poults (K)' ! the age ot 

afterhatehingi 3 

start 

end 

Vitamin 

D 

(Chiek 

Units) 

V itamin 
A 

(1. i’-) 

1 

week 

' ' C^orreeted for 

3 1 Head- i wcnght 

weeks ings | i 

i 1 0 

1 

1 i 

li 

11 

117 

5400 

101 

103 : 2.23 i 2.3410.11 i 0.37 

2 

11 

10 

210 

540() 

101 

195 2.08 2.18 + 0.09 0.29 

:i 

1 L 

10 

324 

5400 

101 

210 1 1.98 2.02 + 0.12 ! 0.38 i 

4 

11 

10 ' 

! 432 ! 

5400 

101 

221 : 1.43 i 1.44 + 0.09 ; 0.27 i 

r> ; 

10 

10 

1 r>4(,‘ ! 

5400 

101 1 

202 ; 1.40 j 1.45 + 0.07 0.21 | 

() i 

10 

10 

1 810 ; 

1 1 

5400 

101 i 

i 221 1.12 1 I.I3.t 0.05 O.K) i 


^ Mean weight of poiilts — 101.(> g = moan wtMglit of nialcs and feinales. 


a furtlier investigaiion A\as made, in 1912, wilh 9 groups of 10 to 
11 ponlts eaeh, supplied witli tlie same doses of vitamin 1) as in tln* 
previous investigaiion, i.e. from 117—810 (Miiek Fnits per kg food. 

BesiiltH, 

The grouping of the ponlts and their dosages witli vitamins A and 
i) are shown in Table 0 together ^ith the results of the exjieriment. 
These show- that there was a gradual inerease in the mean weight s 
ot the ponlts dnring the experiment, even in Group 4, aftin' wineh 
no fnrther inerease in mean weight was obtained. In t his ease th(‘ 
eonneetion between the growth and vitamin 1) snpply of the ponlts 
was more elearly demonstrated than in th(‘ previous (‘xperinumt. 
There w^as a sueeessive fall in tmt ineans, the lowest reading of 
1.12 (eorreeted 1.18) being obtained witli Group 0 on a diet eontaining 
810 Chick Units vitamin II per kg food. Optimum bone ealeifieation 
was obtained in Group 5 on a diet eontaining 540 (Oiiek Friit s vitamin 
D per kg food; this figure eonfirms results pri^viously obtained by 
the Animal E.eseareh Station (Olsson 1942). 

The effect of calciferol {vitamin IJ,^) on poults, 
jRcview of literaiure. 

BoiKmEU (1944) reared poult.s on vitamin 1) from 4 different- 
sour(*e8, namely eod liver oil, irradiated animal sterol, irradiated 7 
dehydroeholesterol and sardine oil diluted with cod liver oil. All 
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Fi^. 7 of taitifiMol (vitniinii Do) })oul(.s (Wliito Holluiid). 


wer(‘ on tdiicks. ll()i'(’iiKU foiind tliat the yitainin 1) from 

irradiatiMl animal sterol liad aboiit double Ibo poten(*y of (‘od liver 
oil on Ihe basis of t lie ebiek standard. Sardine oil was more potent 
than eod liver oil, altlioo^di its resjumse eurve was more similar to 
tliat obt ained from t be eod liver oil tban tbat of t be irradiated 
animal sterol. Wben eod livta* oil and sardine oil were nsed as tbe 
vitamin sourees, tbe mean vitamin J) recpiirement was nearly 200 
A. O. A.(\ (^biek Tnits ]>er 100 food as ai^ainst only 80—100 
A. O. A. (\ (Miiek Tnits wåtb irradiated animal sterol. lie sn^^^ested 
iisin^i: ])oiilts as test animals for distinj^uisbin^^ betwTen varioiis 
l)-vitaniins bavin^' an identieal effeet npon ebieks. 
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Table 7. Result of a eomparinon heiiveen the effevts of vitamin D 
in eod liver oil and ealciferol on iurlieys. Mean results of males 

and fcmales. 


P^xperi- 

Ttirntal 

groiip 

\'itanuii 
Numlier i D.^ oil (g) 
of poiilts 1 p(’r kg 
i food 

C'o<l livpr 
; '"1 (p) 
por kg 
ftH)d 

1 

Mean woiglit j 
at 17 dpys t 
old (g) , 

i 

(Wroptod tmt valuo 
for weiglit (min) 

Moaii of ! Standard 
roadings doviatioii 


SVr#('Ä T. 

fW litrr oil {ISO Chick Vnittt nfannn /) pct <f 

). 

1 

12 

1 - 

0.0 

128 

4.42 

! 1.15 

•> 

12 

1 

1.8 

1 r>r) 1 

2 02 

1 1 20 

a 1 

12 


1 2.7 

142 

2.10 

0.78 

4r 1 

12 


».(! 

127 1 

2 72 

0 78 


S(‘ncs' TJ. 

V i ta nu n 

l)., oil {2600 I. t K vitanun 

7^2 II) 


O 

12 

0.2 

— 

I2r> 



l) 

12 

o.n 

— 

120 

1.80 

1 28 

7 

12 

1.2 

— 

141 

4.17 

(»so 1 

8 

12 

l.S 


145 

2 50 

0 7(» 

!) : 

12 

2.4 


142 

2 20 

0.04 


Expvrhnental. 

As no rotVrenoes wero foiind to tlH‘ oflVct ot‘ vitamin Dg on tiirlv(‘\s, 
oxp(‘rinn‘nts wore carricd ont on \Vhit(‘ Holland ])oiilts (o (‘onijian* 
tlie poienoy of vitamin Do Avitli tliat of eod livnr oil vitamin D. The 
samo proeediiro was adojdod as in tlio vitamin D tosts on cliicks 
(S(*(* p. 1). The eod liver oil used m tliis mvestiaation eoiitainc^d 
ISO riiiek Hnits of vitamin J) per ^ and the vitamin Do oil 2 500 
T. V. })er The ex])eriment started vvlum tJn* ])onlts 1 vv(M‘k 

old and eiidtal when th(‘V were .S weeks old. 

IteHults, 

Delails of the <^roupin^*- and dosiri<>: of th(‘ ]M)ults vvith vitnmin D 
are ^^iveii in Table 7 to^^ether vvith the ^Tonj) im^an wid^dits and 
tmt vallies. The dose response eiirves (Fi^. 7) show^ t hat the two 
oils had the same antiraehitie poteney, vvhieli means that t lie ISO 
(Oiiek T^nits of vitamin D from t his eod liver oil had the same ]>oteiiey 
with ])Oults as 2 500 T. TI. vitamin Dg. It also follows from fi^. 7 
that the slope of the response eurve is the sani(‘ for the two vitamin 
1) oils. The relation of the jioteney of l Fhiek Fnit oC (*od liver oil 
vitamin D:1 I. F. vitamin D, was e.aleulated from the formnia 

M^Xi —A'ji—^ ^ ’ '**^*^^ eame to 15.4; limits (H 

19 . 6 — 9 . 1 . 


0.95) 
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VI. The vitamin D reqiiirements of diicklings. 

1. Review of literature. 

In au invostigatioii by Liuimann (1929 a), diickliiigs were snppluMl 
witb il di(d cmitaining 2 ‘V, ol* (‘od liver oil. As be foiind ihat tln» (^od 
liver oil ga ve the iiieai a fishy lasle, lie then investigated (1929 b) 
Ihe possibility of replaeiiig it by vigaidol. Ile foiind Ihat 1 drops a 
day of vigaritol ])er duek, were suffieient to pn^veiit ri(‘kets. The 
aniiiials, howc^ver, grew better on the fish oil than on the vigaiilol, 
sliovving thiit, in this (*iise, vitamin 1) was not the only growth- 
promoting faetor. 

An investigation earried out by J^rofisssor JI. iind theanthor 

(19;i2, results unpublish(‘d) showed t hat dueklings reiired indoors 
on il di<*t d<*fi(‘ient in vitamin 1) soon d(‘V(*]op(‘a riekets. r>y the 
iiddition of one drop of vigantol oil (eontaining 20 000 J. V. vitamin 
I) ])er ee, or «H00 1. l’. jier drop) to 200 g of the food, niituriil bone 
formjition and d(^v<do]mient w<*re obtaimd. 

Fritz (*t iil. (1911) madi* ii svsteniatie investigation into the 
\'itamin 1> r(‘(|uir(‘ments of lN*king dueklings whieh, from the 
third diiy iifter Initehing, vN(*re r(‘}iri‘d in eagc^s on a diet eontaining 
IS. 5 protcdn, 2.01 Fa iind 0.90 P. Tlie r(‘sults sIiovvimI that 
^h(‘ir vitamin 1) reciuirmnents vvitii eod liver oil iimounted to .‘10 
A. O. A. i\ Fnits jht 100 g fooil, whieh is the siime as tln* ligun* 
obtamed for White L(‘ghorn ( hieks. 


2. Investigatioiis by the Aniinal Heseareli Station. 


Kxpvrimvnt 1, 

M((t(rfah (uul mdhiuls. 

Huring 1910 iin (*xp(*rimeut was made on the v itiimin 1) reijuiri*- 
iiKuit of Peking dueklings (Ih-idiminaiy Jb^port 1912). .‘10 m^wly 
hatelied du(‘klings bmng r(*ared in eliiek biittery brooders (]>. 1) 
iind for th(* first Ii dii>s fed on the following baSiil diet: 


(ilouiid v^ hoat . 
(lioiind iuMi7(' 

Sn\n hojin iiauii 
IIikmI .skiin inilk 
DikmI \rast 
Ha\ iiu‘al 

l^)\^ liincstoiio 

('ominon sall 

Oils 


24 

24 

21 

17 f) 

3 

4 


I..7 > 

1 

(\ 5 >■ 

1 


len.o 
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This iill-rnash coiitained 3 9.5 % of digestible pure protein, 1.6 % 
Cm and 0.85 % P; Ca/P 1.94. 

On tlie tliird day after liatchin^ the ducklings were divided iiito 5 
groups (1—V), wliicli were supplied with different (*od liver oil 
doses, from 0.75 to 4,5 g per kg food. The cod liver oil contained 
180 Pliiek Units of vitamin D per gram, and was mixed with peanut 
oil to bring the oil eontents of the various diets level with each 
oth(*r. On the 7th and 14th days of tln^ experiment X-ray jdioto- 
graphs wer(' taken of the right tarso-metat arsal joints to determine 
the degree of the bone ealeifieation, as in the previous experiments 
on ehieks (see p. 2). Details of the grouping and vitamin T) supplies 
of the dueklings are found in Table 8 along with the resiilts. 


MesuUs and discusHion. 

As early as the second week of the experiment it was elear that 
a eod liver oil ration of less tlian 3 g p(‘r kg food was insufficåent 
for du(‘klings of the breed in question. Siich st^vc^re ri(‘k(ds was 
developed in the three lowest dosed groiips diiring the second w(M'k 
that rnortalities o(*curred. The greater mean weights of tlie liighly 
dosed grouj:)S appear to have been closely (*onn<‘(*ted with tiieir 
larger vitamin 1) ration, and vice versa. Tlie degree of bone calcifica- 
tion in the dueklings w^as (»alciilated, as for chicks, from tlie distance 
between the cnlcification zones of the distal tarsus and the meta- 
tarsiis. The smaller the distance the great(*r the degree of bom‘ 
ealeifieation. Be(aiise of the great variations in the weights of tlie 
dueklings at the end of the experiment the tnit naans had to Ix^ 
eorreeted for weight, as for ehieks, by inultiplying t hem by the 
equation shown on page 3. 

Table 8 shows that the liighest. tmt iman oeeurred in (Iroup 1, 
being 7.06 ±0.66, and the lowest in (Iroup 5, being 2.16 ±0.15. The 
interveniiig groups showed no eontinuous dexrease in tmt nn^ans 
beeause of both the variations in the lat ter and t In* small number 
of animals involved. The dispersion of tmt values around tlie m(*an 
of the different groups is distinetly low in (Iroup 5, being only 0.33; 
this indnates that Groups 1—4 suffered from vitamin 1) defieieney, 
and under these eondit ions the vitamin G r(‘quirements of the du(*k- 
lings were 810 Ghiek Units per kg food. 


Experiment 2, 

Materials and methods. 

Following the w^ork done in 1940 on Peking dueklings, a further 
experiment was earried out in 1941 with the same breed on tlie 
following basal diet: 



Tablo 8. PJan and renults of an inrestigaiion of the vitamin D requirements 
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Clrouncl wlieai. 24 % 

(Iround inaizo. 24 

Soya hean TrH‘al .21 

Dnod skini irulk. 17.5 

Driod yoast. 5 

Hay meal. 3 

Hono »noal. 3.3 

Howdoi’ 0 (l limostono. .... 1.7 ’ 

J\iwdoi’od olinrcoal. ... . 05 » 

(^Jinmon salt. . . 1 

Oils. 1 


100.0 


This diet ('oiitaiiiod dijjrostible puro protein 111.41 "o, Oa 1.111 
and P 0.9() Cn!V 2.(1. 

On (In^ seeond day after hat (‘hiii^.^, the duckliiiKs \v’(‘ro ^rouixMl 
aeeordin^^ lo their eod liver oil dosa^es shoA\n in Table 11; (‘a<‘li 
^^roiip Avas also siipplied with 4800 I. T. vitamin A per k^ food. The 
experiment w(‘nt on for 20 days iisinjj: the same t(‘elinic|ne as in I !i(‘ 
])revions ex]»eriment s. 

Besults and dismssion. 

Tabh* 9 shows tliat tlie ^rowth rale in tliis s(*ri(‘s was less tlian 
tluit of th(‘ previous series. No sij^n of riek(‘ts ^^as sliown by the 
lowest dos(*d nntil the dueklin^s wen* 22 days old. No sij»ni- 

fieant ditlennuass (xxairred Ixdween th(‘ tmt valu(‘s of (Ironps 4 and o, 
sliowin^ t hat a. dos(* of 810 (diiek Tnits vitamin 1) per food was 
suffieient to brin^ aboiit i)ro})(T bom» ealeifieat ion; t In» lat ter was 
not imi)rov(»d by in(‘r(*asin^ the vitamin 1) ration to 1800 (Miiek 
Tnits ]K*r kf»' food. A dose of 540 (diiek Pnits vitamin I) ]M‘r k^ food 
was, however, found too small to brin.i»-aboiit i)ro])er ealeifieation; 
this has be(»n {)!•(»viously demonstrated by tlu» 11140 (‘Xperiimaits. 
Tims P(‘kin^ diiekliiij^s, reared in tln* abs<*nee of dircat suiisiiim', 
ha ve a vitamin I) requirement of 800 Pliiek ITiits ]x‘r k^’ foo<l eon- 
tainin^ 1.94 ^’o Pa and 0.90 % P. 

(k)nsiderable individual variation was found in tlie Aitamin 1) 
re(piir(*meiits of the du(‘klin^s; in one ease it. (»x(‘(*(»ded SOO (1ii(‘k 
Pnits per k^ food. In 1940—41 Fritz et al. found tlial tlu» vilamm 
1) rerjuireimmt s of Pekin^^ diieklinfj^s reared on t lie saim* died did 
not exeeed 800 A. O. A. i\ (biits ])er k^ food, om» A. O. A. P. Pnit 
bein^^ lou^hly equivah*nt, in antiraehitie ])otem\\, to one Fliiek 
Pnit. The differenees between the Swedish and Ameriean r(‘sults 
mi^ht ha ve been due to an unknowui cpiaiitity of vitamin I) eon- 
tained in the» fish meal whieh formed 0 % of the Jamks (»t al. di(»t. 
Swedish fat-extraeded fish meal eontains from 5 to 8 (Oiiek Pnits 
of vitamin I) per ^jfram, and if this is also the» ease» with Amerie*an 
fish me‘al, a possible e^xplanation is i)reiviele»el e>f the» disere*paneies 
between the two results. 
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Ta.])le 9. Plan of an inveHlitjailon oj the vitamin I) requirernents 
of (l nr kl in ga 1U41. 

M mefin, b^m) ^ Hiandard oiror of rrioan, a ~ sta-ridard doviation. 


I 

' Nurnbor of 
<lucklings 
Q at th(‘ 

C3 


l\'r kg food 


IVIoan wf*ight of | 
(IiicklingH (g) 
a t tia» , 


ThicknPRs of tarHo-rnota- ' 
tarwal (‘artilago (tint 
incaiiH) 111 iiitn on th(? 
day aftor hatoliiiig 


I g stait (2 011(1 (22 
I days dayK 

1 aft'M’ aft(‘r 

! halcli- I hatcli- 

ing) irig) 


Vita- 
iriiii J) 
((^hick 


start (2 

cod (22 


1 (k>rre(*t(‘d valu('s 

\'ita- days 

days 

Hoad- 

1 (for \v(Mght) 

inin A aftor 

aft(M‘ 

' 

(1 l' ) hatcli- 

hatcli- 

iiig) 

ings 



I 


1 

7 

r> 


4S00 


4(U) 

LS.» 

1.04 ‘.0 M 

0 77 

.) 

7 

7 

270 

4S0O 


450 

J.70 

l.7:i 0.12 

0.52 


(i 

4 

540 

isot» 

57 

l'»:{ 

! SS 

2 0<» ^ 0.5;i 

I..50 

4 

7 

7 

SIO 

5400 


•52 5 

I 51 

1.51 ‘ 0.24 

0.04 

T) 

7 

7 

ISOO 

1201 »0 

57 

172 

1 2(; 

1 .*}0 10 10 

(» 42 


Tli(‘ vitamin I) r(‘quir(Mn(‘iits of t ht* dncklings art* inore diffi(*ult 
to d(‘t<*rnnnt* aft(*r t ht* ago of thr<*(‘ \\tM‘ks tlian l)(*f(m* tliat ag^t*, biit 
t*\'I)<‘rini(‘nts carricd ont b\ tlit* Animal H(*s(*ar(‘li v^tation indicatt* 
tliat a siif)])ly of SOO (diivk Tnits \i1amm I) jx*!* kg food is a suitablv 
dost* ftn* tliifklings ii]) to tlit* agt* of S—in \\(‘t*ks, by \vhicli timt* boiu* 
valvififation is almost (‘()m]dt*tt‘d. 

VII. The vilaiiiin I) requireiiienls of fjoslin^s. 

As goslings (*aimot staiid coltl aiitl \\t*t ftir tlu* first 1 (*\n wt*eks aftt*r 
halclimg, tln)St* liatflit*d m llit* sprmg liaM* tt» f)t* rt*art*tl intloors ftir 
a t*t*rtain i)(*rio(i. Diirmg t his timt* tht*y dt> ntd gt*t siiffit*it‘nt suiishiiu* 
tt» mt‘t*t tht‘ir vitamin I) rt*([uir(‘mt*nts antl ha vt* to bt* sij])])lit*tl instoad 
witli \itaniin l) in tht‘ir ftitxl st) as to t*nsnrt‘ imrmal bont* t*al( ifit*atit)n. 
As st)t)n as t ht* goslings t*an bt* put ont 1 1 ) grazt* tlu*y gt*t sufficivnt 
sunsliint* to makt* t ht* vitamin J) suj)])ly m t heir food imiu‘t*(‘ssary. 


Invrstigalioiis by Uie Animal Rosoarcli Station 1944—1945. 
i. Materials and methods. 

Tlit* \jtamin D rt*qiiirt‘mt*iits of Italiaii and Toulonst* goslings 
and tlioir liybritls \vt*rt‘ invt*sligated ovt*r a jieritid of It»—IS days 
aftt*r hatfhing. (St*t* IToliniinary Itctiort, OnssoN 1940.) Tlit* gos¬ 
lings wt*rt* r(*art*tl in battory brt)odt*rs dt*s(ribt*tl on p. 1. 
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For the first few days ihe small warming* rooms were kept at a 
teniperature of 35° (T, wliile tlie larger outer rooms were ko})i at 
aboiit 20° C, These teinperatures were gradually lowered as the 
goslings grew up and required less w^armtli. The goslings were 
supjdied with food and water in tronglis whicdi lay outside the eage 
bars. The following basal diet was iised: 


(iround iiiaizo. 31 

Wheat bran. 20 

Soya lioari meal. 1^> 

Dried skim inilk. IT) 

Dned yeast. 3 

Hay meal. 10 

Bono inoal. . . . 2 

l*owderod limeatono. 2 

Powderod eliarooal. 0.5 

Cominon salt. 1 

Oils. O.f) 


100.0 ?o 

This all-mash diet eontained 150 g digestible pnre protein, 1.81 "o 
Ca. and 0.9 % P (('a : P 2.01). Pesides this was tlie driiikin^ water. 

The determination of the vitamin 1) requirements of the goslings 
was based npon the degree of ealeifieation shown by the right tarso- 
metatarsal joint. The rate of bone ealeifi(‘ation was fonnd by the 
X-ray radiographie teehnicpie used in similar investigations cm 
chieks, ponlts and dueklings (Olsson 1930, 1941, 1942). The effeet 
of the vitamin 1) was estirnated by measiiring th(‘ (iistaiie(‘S between 
the ealeifieation zones on the distal tarsms and the ni(*tatarsns 
(tmt). 

Investigations of the vitamin 1) retpiirements of chieks sliow^ that 
the tmt values have a definite relationshi]> to body wdglits; tliis 
means that the tmt values have to be eorn*cted to a standard niean 
weiglit. In this invesligation on 00 three-week old goslings, tlie 
eorrelation between the weiglit of t In* goslings and their tmt values 
was not signifieant; tln* eorrelation (‘oeffieient b(*ing 0.11 j_0.13. Tln* 
eorrelation eoeffieient was thus smaller Ihan its (*rror. Be(‘anse 
of this result, the tmt values were not eorreeted for weiglit in this 
research. 


2. Research 1944, 

Series I, 

The first investigation started with 28 four-day old Italian gos¬ 
lings lioused in battery brooders, as in previous experiments, in the 
absenee of direet sunlight and on the same basal diet supplemented 
with eod liver oil in quantities of 1.5 g, 3.0 g, 4.5 g and 0.0 g 
per kg food. As the vitamin 1) eontent of the eod liver oil was 
180 Chiek Units per g these quantities were equivalent, respeetively, 
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Table 10. Plan and results of an investiyaiion of the vitamin T) 
rcquiremenU of goslings, 

M — mean, f(.v) — standard error of moan, g = standard deviation. 
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(V) 
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1 1 , 

7 1 

7 

270 

: 193 

491 

2 

7 ' 

7 

' .540 

: 193 

483 

3 

7 

7 

810 

193 

473 

4 

7 

7 

1080 

193 
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OKI ‘ 2.74 :f 0.08 0.21 3.2710.15'0 41 j 

033 ! 2.07 i (.‘.12 ; 0.31 2.80 10-08 ; 0.21 j 

884 2.59 1 0 0.-) ^ 0 13 i 2.04 + 0.08 0.21 ' 

023 , 2.()1 0.13 : 0.35 ‘ 2.81 ±0.10,0.20 ; 


to 270, 540, 810 and i 080 (liiok Tnils vitainin D por kg food. In 
ordor lo avoid oonfusion of tho n‘sn]t8 by t In» offoots of vitamin A 
(])r(*8ont in lin» ood livor oil at 1 000 I. T p(»r gram), Groups 1, 2 
and 3 woro giv(Mi suffioiont iviiito ^^halo oil, dilntod lo a vitamin A 
oont ont of 1 000 1. l'. jhm- gram, to oqualizo thoir vitamin A snjqdios 
with that of (Troii]) 4, i.o. i\ 000 1. T. p(*r kg food. 

Th(* goslings woro woighod and X-ray photogra])hod on the 7th 
and 1 Ith days aftor tho start of tho expcrimont. 

Rr snits. 

Tablo 10 shows tlio groiiping of tho goslings, thoir dosagos with 
vitamins A and J) and tho rosults of tho oxporimont. Tho moaii 
vvoight of tho four-day old goslings was 103 g. As sexual oharaotor¬ 
ist ios (lo not appoar in gooso until lato on in th(»ir dovolopmont, it 
was not possiblo to distingiiish tho sox of tho yoiing goslings; tho 
s(»x faotor was tlu»roforo not takon into aeoount in tho vitamin I) 
r(»(iuiromonts. 

Tho moan wadghts and the* nman tml valuos of tho difforont groups 
aro also shown in Taldo 10. It. is found that no mark(‘d difforoiioos 
ooourrod b(‘tw'(M*u tlu* moan woights of tho goslings, whoth(»r at 11 
or 18 days aft(»r hatohing. Noithor woro t hon» any difforonoos in 
tho bono oaloifioation of ll-day (dd goslings, but at tho ago of 18 
days, tho grou]) dosod with 1.5 g ood livor oil por kg food had a 
higdior tmt moan than tho othor groups; tho standard doviation of 
t lu» tmt valuos w as also higluw in t his group than in tho othors 
showing that tlu* oaloifioation did not ooour as rapidly in this group 
as in tho (dlu»rs. Thus it was found that 1.5 g (d ood liv(*r oil (270 
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riiiok l'nits vitamin D) per food was not siiffieient for normal 
bone (*al(*ifk‘ation in K<>slin^s. On the other hand, rS.d <*o(i liver 
oil (540 Chiek Units vitamin J)) per kj^ food was fonnd snffieieiit. 

tSeries II. 

The previous exiK‘riment showed that when ^^oslin^s were reared 
indoors in the absenee of sunshim», their vitamin ]> rerpiirements 
were between 270 and 540 Ohiek Units ])er k^ food. In order to 
eonfirm tliese results, and to try ont t his te(*hni(pie, a new investi^a- 
tion was earried ont in whieh the effeet of a vitamin 1) snpply of 
less tlian 270 Ohiek Units per k^? food was also examin(‘d. In t his 
experiment .‘10 ^^oslin^^s of the Italian breed 'were divided into 4 ecpial 
^Tonps (dronps 1—4) and snpplied with 0.4, 0.8, 1.2 and 1.0 k» 
respeetively eod liver oil ((*ontainin^>: 480 Chiek Units vitamin I) 
per ^ram) per kf? food, aiid eqnivalent to 72, 444, 210 and 288 (^hiek 
Xbiits vitamin 1) per k^’ food. As in the previous experiment, t lie 
^oslin^,^s wer(‘ sn})])lied with ecpial amonnts of vitamin A. 

I\*(\snlts. 

The ^'oslings were w<‘i«:hed and X-ray ])hot()^n‘aph(‘d at the start, 
of the experiment (.‘1 days after hatehin^) and a^min on the 7th, 
lOth, 14th and J7th days after hatehinj^. Table 11 shows tliat tln* 
mean wei^ht of tln* 4 7-day old ^oslin^s was sipiifieantly Jo\\(‘r in 
(Ironp 4 t han in any of tlie others, Ixdween w hieh no marked dif- 
ferene(*s o(*enrred at tln» later date. On the 7th day no diff(‘ren(*(*s 
were fonnd between the tmt nieans of the ^^roups, that is, on tlie 
4th day aft(*r the start of th(‘ i^xperimeiit. Whiai t In* i»oslin^s wen* 
4 0 days old, however, si^niifieant differenees wen* fonnd b(‘twiM*n 
the ^»Tonp tmt means as a resnlt of the umnpial vitamin 1) sn])pli(*s. 
X-ray photop'a])hs of the tarvso-metatarsal joints of t In* ^dslinj^s 
showed the same resnlt both at 4 1 and 4 7 days of a^n*. The diff(*ren(*(*s 
between tln* tmt means of (ironps 5 and 4 were very sli^lit, indi(*atin^" 
that the sann* de^ree of (‘aleifieation was ])rodne(*d in t In* ^osliii^s by 
4.2 nod liver oil (210 (^hiek Tmits) as v^ith l.(» (288 ('hick 
Units) ])er k;:»' food. This r(*sult shows that the vitamin 1) recpiire- 
ments of ^mslin^js nnd(‘r tliese conditions did not (‘XC(*(*d 288 ('hick 
Units ])er k^ food. The results also show^ that tln* eff(‘ct of t In* 
diff(‘rent vitamin 4) doses on the calcificatioii of tln* bones in tln* 
tarso-metatarsal joint of the ^mslin^js had become jicrci*])!ibh* aft(*r 
so short an ex])erimental period as 14 days. 

ASVr/c,v III. 

In the previous investi^jations, the vitamin 1) reqnir(*nn*nts of 
Italian ^‘oslin^^s, r(‘ared in the a4)senee of snnlij^ht, wen* fonnd to lie 
288 ('hick Units per kg food containing 17.7 digestible pure prot(*in, 
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Table 12. Flan and results of an investigation of the vitamin D 
requirements of goslings, 

M = mea-n, £{>/) = standard error of niean, c; — standard devialion. 
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1.92 % Oa and 0.90 % P; (Vi/P 2.0. A cornparativo investi^^afion was 
then oarried out on tlie vitamin T) reqniromonts of 19 It alian and 
14 Touloiiso fcoslin^s in four niixed gr(mj)S (Cir()U])s 1—4) suppli(‘d 
rf3Spec*tively with 0.4, 0.8, 1.2 and J.6 ix <*nd liver oil (containini^ 
180 (Uiiok Units per gm) per kg food, ecpiivalent to 72, 1 44, 210 and 
288 (-hiek Units of vitamin 1) per kg food. Ea(*h gronj) was also 
supplied with 1 000 I. U. vitamin A p(‘r kg food. The goslings w<*re 
weighed wdieii tliey were one day old and also on the 7th and loth 
days after the start of the exjieriment, and tlndr riglit intiTtarsal 
joints w"ere X-ray photograjdied. 

llesnlts, 

Table 12 gives the grouping of the goslings with their doses of 
vitamins A and D as well as the results of the exyieriment. By the 
end of the first week the differences between the Irnt mearis of 
the Ttalian goslings were very small, but those of th(* Toiilouse 
goslings, on the other hand, were signifieantly greater. This eould 
have been eaused by the faet that Toiilouse goslings grew^ more 
qiiickly than the Jtaliaiis and therefore had a larger vitamin T) re~ 
quirement. The original differences between the inean weight.s 
of the Italian and Toulouse goslings, shown in Table 12, were duo 
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to the iineven distribution of tbe two breeds within each group. 
The group mean woights, however, were based upon the number 
of goslirigs, regardlcss of breed; the fact that this prevented a 
direct eoniparison being made of the mean w(dghts of both breeds 
does not affect the estirnatioiis of the degree of their bone cahdfiea- 
tion, measured by their tmt value. 

The degree of (»aleifieul ion of the 18-day old goslings was about 
the same as in th(^ juvvious exp(*riment (2); tlu*. lowest tmt mean 
o(*eurred in Group 4 (on a diet (*ont,aining 288 (^hiek TTiiits vitamin I) 
per kg food), whieh thercdore showed the best, eal(*ifi(‘ation, in the 
tarso-metatarsal bones, of all the groups. The eornparatively low 
tmt mean of Group 3 shows that optimal bone calcifie.ation eould 
be ])rodu(*ed in goslings on 288, bu+ not 216 Chiek Units of vitamin 
J) per kg food. 

It has already b(^en mentioned that the tmt mean of the Group 1 
Toulouse goslings was considerably higln r t han that of the Italian 
goslings from the same grou}). The tmt \alues oi the Toulouse 
goslings in Group 2 wen* onlv sligidly liigher tJian those of the 
Italians, and approxiniately equal in (iniiips 3 aml 4, showing that 
Toulouse and Italian goslings reared under tla^se eonditions required 
about 300 ('hick Units of viianiin 1) per kg food for satisfaetory 
bone ealeifieation. Althongh, by the ii\(i of the experiment, the 
degree of ealeifieation of tlie tarso-metatarsal bones was about the 
same in the two bnanls, the elTeet of vitamin 1> defieien(‘y during 
the first f(‘W^ days after hatehing wns more strongly markcal in the 
Toulouse t han in the Italian breed. 

Srrirs IV. 

The vitamin 1) requirenients of goslings from the previous experi- 
nnuits Avere fourid to be 300 (3iiek Units per kg food of that eom- 
positiun (p. 31). Despite the fa(*t that no marked improATineiit 
in grovvth or bone <'aleifi(‘ation Avas brouglit about by tlie inereas< d 
vitamin 1) sup])ly, a further ex])eriment Avas earried out Avith 24 
Italian gA)slings divided into four equalgroui)s (Groups 1—4) supplied, 
respeetively, A\ith 1.2, 2.4, 3.6 and 4.8 g eod Ih^er oil (eontaining 
180 Chiek Units vitamin 1) i)er g) per kg food, equiAnlent to 216, 
432, 648 aTul 864 Cliiek Units vitamin II per kg food. Variations 
in the vitamin A eontent of the diet wer<* igriored in this (^xperiment. 

llvsnlts. 

Details of the grou])ing of the goslings and their vitamin I) doses 
are given in Table 13 together with the results of the experiment. 
This shows that the mean weight of the 17-day old goslings was 
690 g in Group 1 and 781—799 g in Groups 2—4, From this it 
follows that Group 1 (supplied with 1.2 g eod liA^r oil, eontaining 
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Table 13. Tian and resultn of an investigation of the vitamin I) 
requirements of gosJings. 


M ~ inean, ~ standard error of mean, a = standard deviation. 
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216 (liick L'nits vitamin I) p(‘r jj:, ])<*r food) showod ])()()rt*r 
^rowtli than the others. No si^nifieant differeiu*(* in the (‘aleifieation 
of the tarso-inetatarsal bones of th(‘ ^rosliri^s eould b(* d(‘nu)nstrat(‘d 
on tlie 7tli day after the start of Ihe ex])erimeiit. The mean tnit 
values lay between 2.40 and 2.57 mm, and there Avas thus no si^nifi- 
eant difb^renee between tlusse fi*;ur(*s. 

A we(‘k later, i.e., wlien the jjoslin^^s wen^ 17 days old, t In* Imt 
means were 2.72 in Oroup 1, 2.63 in Oronp 2, 2.72 in Oroup 3 and 
2.32 in Group 4. The differenees b(*twe(m the t nit nn^ans of Gronjis 
3 and 4 are 0.40 +0.13; this is nearly 3 tim(‘S as ^T(‘at as its m(‘an 
error, and ean therefore be eonsidered si<,mifieant. In spite of this, 
however, the result must be eonsidered as a random elTeet, beeaus(‘ 
all the tmt means are low, which means tliat no si^nifieaiit dif- 
ferenee exists between tlit» ])one ealeifi(*ation of the 4 ^^roups. Only 
Group 1 showed, throu^h its retarded Krowth rate, definit-e si^ns of 
vitamin T) defieieney, whieh means that this (»xperinnuit eoiifirms 
the results of the previous investipitions, namely that a suiiply 
of 300 Ghiek Units of vitamin D per kfif food is suffieient. for ^josliiiii^s 
reared indoors on this diet in the absen(*(* of antiraehitic* ]i^,dit. 
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Investigations 1945. 

Serien V, 

Ooiiiparative investigations made on Toulouse and Italian goslings 
in 1944 showed tliat the differences between llieir vitamin D require- 
ments were very small except during tliefirst few days afterliateliing, 
wlien the Toulouse goslings had a greater vitamin I) requirement 
owing, probably, to tlndr higher gro\\th rate. Tn tlie spring of 1945 
a further investigatiou was made on the vitamin T) requinunents 
of U) goslings which were hybrids of Italian, Toulouse and 8kåne 
geese with as high a growth rate, and, presumably, as large a vitamin 
T> requirement as those of the i)ure Toulouse bre(‘d. The 14-day 
investigatiou started wuth 3-day old goslings reared in 4 groups on 
the diet deseribed on p. 26. The groups (1—IV) were supplied 
respeetiv(*ly with 0.8, 1.2, 1.6 and 2.0 g eod liver oil (strength 
180 (-hi({k Units vitamin 1) per gram) per kg food, equivalent, in 
t hat ord(‘r, to 144, 216, 288 and 360 Chiek Units of vitamin 1) per 
kg food. 

Remltn. 

Details of the grouping and vitamin I) siqqdies of the goslings 
are found in Table 14. The mean weight of the 3-day old goslings 
at the start of the exx>eriment was 199 g, and their weight in- 
<*reased in a fortnight to 655—742 g. When (ioinparisons were 
made of tlie bone ealeifieation of the 10- and 17-day old goslings 
(from X-ray photograjdis of their right tarso-inetat arsal joint) 
tlu* tmt rneans were* found to be normal and fairly uniform in all 
four groups. Despite the ax^parent suffieieney of the vitamin D 
supply for obtaining proper bone ealeifieation, the lower growth 
rate of (Iroui^s 1 and 2 indieated that a vitamin 1) sui)ply of 288 
Uhiek Units per kg food was required for normal growtli, whieli was 
obtaiiuMl with tliis ration in si)ite of the eoinx>arativ(‘ly high growth 
rate of the goslings. 


Some special notes on the investigatiou. 

The vitamin 1) requirements of goslings are not fixed but- var> 
eonsiderably witli differences both in external enviromnent and in 
individual eharaeteristies. The faet that goslings of the same breed 
do not always ha ve tlie same vitamin T) requinments is due, X)robably, 
to variations in the vitamin I) eontents of the eggs from whieh they 
were hatehed. The vitamin T> eontents of the eggs dex)end partly 
ux)on the amount of sunshine and i)artly ui)on the vitamin D eontent 
of the food obtained by the laying geese. Both these external 
faetors are apt to vary during the egg-laying seasoii. Italian goslings 

3 — 48100 Lanthrukshogsholnnfi Annaler. Vol. 10 
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Fig. 8. Kelat ionshijj of th(‘ vitamin 1) supply to the inean thickne.ss of the 
eartilages b(5tween distal tarsus and the metatarsus m gosliiigH (VVhite Italian 

and Toulouse). 

hatched in early sprinjr (20.4. 1944) had a «roator vitamin 1) r(‘- 
quirement t.han tliose liatclied at a latcr date (l.n.—22.5. 1944). 
This is seen in Fifj. 8 wliich shows Oie relationship of the. vitamin 
D supply (loff. {(rams cod liver oil per kgfood) to the nieari thickness 
of the eartilages between the »listal tarsus and the metatarsus. 





Th(‘ variation in t?nt \alnos, roprosontod by tlio standard dovialion, 
also sIio\\s t hat tlu‘ vitamin I) ro(iuiromonts of indi vid ual birds c*an 
varv \Nithiii t ho saino jrrouj) aml iindor tlio sanio oxtornal ooudit ioiis. 
Kor iliis r(‘ason, t ho vitamin I) rcMpiiromontvS of f^oslin^^s, as uoll as 
thoso of t hioks, jjoults and diioklinf^s, shonld b(‘ ox])r(‘ssod as a 
minimum bolow \\]ii(‘h t ho Mtamin J) lovol of oortain diots shonld 
not sink, in ordor to onsuro vitamin 1) suffioionoy mulor othorwiso 
idtmtioal oxtornal (‘ondilions. Tho rosnits obtainod in thos(‘ ox])ori- 
monts t hus ai)])ly only to tho diot nsod. 

Fifi^. 8 sliows that tlio tmt moans oould not bo lowor than 2.6—2.8 
mm ovon if tho fjooso aro snj^pliod with oomparati\oly lar^U' vitamin 
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D rations. Experiments havo shown ihat these tmt nieans repr(»sent 
a normal degree of calcification in 17—18-day old goslings. In oertain 
cases normal calcification occurs with tmt values as high as 3 mm, 
but this only applies to individuals with an exceptionally high 
growth rate. 

No investigations have been made on the vitamin D requirements 
of geesc o ver 3 weeks old. Af ter that age, however, they can be put 
out to graze and have no further need of vitamin T) in their food. 
Thus, from a practical point of view, it is not neeessary to find tlie 
vitamin D requirements of geese over the age of three weeks. 

Fig. 9 shows a series of X-ray photographs of the right tarso- 
meta-tarsal joints of chickens, tiirkeys, dueks and geese undergoing 
normal development from the tirne of hatching to that of complete 
bone calcification. It is evident that, 16 weeks af ter hatching, the 
calcification rate of the tarso-metatarsal bones was higher in ducks 
and geese than in chickens and turkeys. Milby and Henderson 
(1937) found that tlie growth rate of ducks and geese diiring t]i(‘ first 
few weeks after hatching was about double tliat of the chickens and 
turkeys of the same age. 


Summary. 

Investigations have been carried out on the vitamin 1) rtHiuire- 
ments of chicks, poults, ducklings and goslings. The vitamin I) (‘on- 
tent of the cod liver oil used has been tested against crystalline vita¬ 
min D3 of which 0.01 gamma was called 1 Chick Unit. The vita¬ 
min D content of the cod liver oil was equal to 180 (liick ruils per 
gram. 

The main results of the investigations are as follows: 

1. The vitamin 1) requirement of White Leghorn chicks was found 
to be 250—300 Chick Units per kg food containing about 1.65 
Ca and 0.7 % P. Khode Island Bed diicks wer<^ found to havt^ 
2.7 times the vitamin I) requirement of Wliite Leghorn <‘hi(*ks. 
This result agrees with tlie earlier finding of the author (Olsson 
1941). 

The vitamin D requirement of White Sussex diicks seems to 
be about 1.6 times greater than those of the White Leghorns. 
Great individual variation in vitamin D requirement was found 
with in the breeds. 

2. One Chick Unit of cod liver oil appears to be about 8 times morc» 

potent on White Leghorn chicks than 1 I. U. of vitamin Ug. 
This means that White Leghorn chicks requin^ 2 000—2 500 
I. U. vitamin kg food containing about- 1.65 % Ca and 

0.7 % P. 
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8. Previous investigations showed that the vitaniin T) recpiireinent 
of eliicks depended vory largely iipon the Vn and P conients of 
their food. 

4. White Holland poults on a diet eontaining about 1.5 % Ga and 
0.72 % P reqnired about 700—800 Ghick Units of vitamin T) 
per kg food in the absence of antiracdiitic light. 

5. The differenee between the effeel of 1 Ghick IJnit of cod liver oil 
vitamin T) and 1 1. U. of vitamin J>2 secuns to b(^ just as great 
in tiirkeys as in chi(‘kens. 

0. Peking ducklings reared in (*ages in th(* absenee of antirachitie 
light require about 800 Ghick Units of vitamin 1) per kg food 
containing 1.0—2.0 % Ga and 0.8—l.U % P, with a Ga : P ratio 
of 1.9 : 2.1. 

7. White Italian goslings, reared in cages in the absence of anti* 
rachitic light, reqnired for proper growth and bone calcification 
about 300 Ghick Units of vitamin I) (equivalent to tln^. antl- 
racliitic* polency of 0.3 gamma vitaniin I)., on chicks) pc^r kg food 
(‘ontaining 2.02 % (V and 1.01 % P in llie dry matter. Toulouse 
goslings and other goose breeds with high growtli rat(^s reqnired, 
under the same conditions, at h-ast 350 (dii(‘k Units of vitamin T) 
per kg food. 

(Ireat diff(‘rences oceurred between th( vitamin 1) requirement 
of individual goslings owlng, apparently, to variations bot h in 
n‘aring conditions and, probably, in heredity. 

S. Galcifi(*ation of tlie tarso-nietatarsal bones was completed in 
geese and diicks by about 8 weeks af t er hatching. The same 
d(‘gr(‘(‘ of t arso-nu*tal arsal bom* (‘alcification was att ained in 
ehiek(*ns and turk<*ys of 10—24 weeks of age aft(*r liatching. 
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Polarographic Investigations on Pyrophosphate 

(komplexes: 

I. Ferric and F^erroiis Coinplexes. 

iW FAilK KKIKSSON. 

Fiont tJii- >nt of Paloloqy 


Introduction. 

I(, is woll kiuoMi t hat |)yroph()s])hat(' forms <-ompl(‘xos with h(‘ayy 
motal ions, o.^. iron, ('()p|H*r, :om*, (ohalt, maiipinose ot(‘., but 
littlo is known about t ho iiaturo of tlu sv' oom])l(‘\os and thoy aro 
not. montionod in standard ])ooks siioli as batim(*r\s »Oxidation 
Pot<*ntials» (11I3S) and Koltiioff and LiX(JAi\F*s »TNdaro^rapliy» 
(ItUtl). Tlioy ap]»oar, ]io\vovt‘r, lo bo of somo intt*rost in th(* study 
of »minor» (donionts in soils, aml sodinm ])yro])hos|)hato has boon 
us(‘d as an (»xtractant for soil man.uanoso by Dion and Mann (ItUd) 
and Hkintzc and M vxx (llUh), and also in this dopartrnont. Tho 
])r(*sont s(*rios of invostipitions woro undortakon to obtain mon» 
adoqiiat(* information about tluur natur(‘ and [)roportios. Tho polaro- 
<^ra]»hio m<dh<Ml uas <*ljost*ii b<‘(*auso it lias boiui us(‘d to study othor 
ooni}>lo\(*s of h('av> motals and soomoil suitabh* for tho ])iir])oso. 

Experinicntal. 

Th(‘ polaro^n-ai)li nstal in tho ])rosont work yas a iion-r(‘oordinji- 
instruimuit oonstrinMod b\ tho writtn* and is illustratial in fi^\ 1. 
Jnstoad of a ])ooJ of m(‘rour\ in 1h(‘ tdootrolysis ooll as anodo (whhdi 
has S(‘V(‘ral disadvantap‘s) a saturatod oalomol liallooil was iisod 
as an oxtornal ol(*otrodo and oonnootod to tho ol(‘otrol\to by an apir 
bridp*. All [)otontial data ^\\vu rotor to tliis olootrodo. Tho potontial 
appliod Avas dt*livor(*d by moans of a 2 Aolt load aooumulator and a 
modifio<l »Studont» ])olontiomotor. Tho pilvanomotor nsod Avas a 
<'ambrid^ 4 o Spot instrumont tlio sonsitiAity of Avhioh Avas oontrollod 
by th(‘ Kh(‘ostat \i (l.oods A: ^orthriip 991)9 L>). Tho apparatus, 
aiul all stook Solutions woro kopt in a oonstant tom])oraturo room 
at 20 ^ 0.5 (\ 
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Unloss otherwise statocl, 0.2-m Li(Jl was uned as siipportin^ 
olectrolyte aud ^jelatine iii low coricentratioiis ('^ 0.005 %) was 
employcd as maximum supi)re8S()r as recommerided by Koltboff and 
Lingane (loc. oit.). At 20 ”(-, oven low oonooiitrations of {^olatim». 
wero found to liave a oonsidorablo effocl on tho diffiision ourront. 

The test Solutions wore frood from oxy^^(‘n by passiii^^ nitro^on, 
purified in a pyro^allol wasli towor, tbrouf^h tho olcatrolysis cell 
for 10 minutes. This period was found adequate for Ihe small voluines 
((‘:a ml) used. 

All polarographic data ha ve been corrected for r(*sidual curnuit 
determined under identical (*onditions. All pil measurermuits 
were made with a Beckman f^lass electrode at 20 ' (\ aml tlu» In^licr 
vallies ha ve been comnded for sodium error. 

Kesults and discussion. 

To establish tlie maximum proimrtion of Fe®’ wliich can enter 
into cornplex with pyrophosphate a series of Solutions with (umstant 
concentration of Na 4 P 207 (10 ®-m) and incremental arnounts of 
ferric chloridc' was made up. On the addition of ferric (ddoride to 
the pyrophosphate Solutions a precipitate immediately formed. At 
the lower concentrations of ferric ehloride tln» pr(‘cipitat-e dissolved 
completely, althou^rh slowly, but at a (*on(‘entration of 7.5 . 10 ®-m a 
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Fig. 2 . j)H and us lunctioiiK of Cj.v.'’’ m thf dilutcd Solutions. 

pH in thc original solution -- 1,0. 

• *> « » <lilu(t*<l .. ( V ' ‘ 2,0 lO-a-in.) 

■ ^<1 ^ tho l.st v\a\t‘. 

■> .» 2nd / . 

vory sliglit lurbidity nonaiiKMi in(li<*ating: tlio liniil of eoinplex 
format ioii. 

Aflor standing for s(*Aoral days an aliquont was taken, diluted 
5 tinu*s, made ().2-m with rospoot to LKd and investigatod polaro- 
gra]dii(*ally. The pH A\a.s nioasnrod in botli t ho original and tho 
dilut(Ml Holutions. Fig. 2 sIkhv.s tho rolationship botwoen t In* forrio 
ohlorido (‘(»noontration and tho jHl of tho Solutions boforo and aftor 
dilution. As o\])oot(*d, t In* ]>n is lowor with tln* liighor oonoontra- 
tions b<*(*aiiso tho ln*xaqno-forrio ion in aquoous solution aots as an 
a(*id. Tlioro aro two dist inot slo])s in tho onrvo, and thoy aro nioro 
pronounood than might b(* oxpootoil from tho third and fourth 
[)rotolysation oonstants of tho i)yrophospliorio aoid, whioh lio rather 
oloHo. Th'onounood stops of this kind in tho in‘utridisation of a woak 
baso with a w(‘ak aoid oan ooour, howovor, if pro(‘ipitation or oomplox 
formation t akos plaoo. 

Tln* polarograpliic* (*nrront-vollago ourv(*s of tho Solutions aro 
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I ^'fh»' cliffusioti ( urr<‘Tit of tlio soparat wa\<*.s in as fura tioii of 

V <*f t ho Ist \\a\o. 

# i^j ot fho Jjul \Na\o. 
f / H i^j of tlu» Jsl aial 2ii(l \\a\o. 
ijj ot t ho .‘{nl ua\o. 

gi\(‘n 111 fig. .3, an<l it will bt* lliat <*ai*h rurve cojisi.^ts of tlim* 

vva vos. In fig. I t In* lioiglits ol t In* (Iirf<*n*iil \\av(*s an* iilotted agiiist 
(•on(*(*ntrati()n of forric (‘liIori<I(*. TIn* hoiglil of t In* »3r(l v\av(* is a 
liiiear funvtioii of as is also t In* suni of t In* 1st ainl 2inl w avos. 

Tln* 1st and L*nd \va\(*s must tlierofon* corrosiiond to tlu* n*du(*tion 
of forrio (*o]npk‘\<*s to tln* ferrous stati* and constituto ^vhat is rall(*d 
a doublt* wavo. Tln* drd wavo coiTosponds to tln* roduction of tln* 
f<*rrous (•omph*\. 

Tln* doubU* wavo iinli(*at('s t hat t hon* aro at loast tvvo difforoiit 
pyro])hosphato f(‘rri(‘ oompl(*Aos pn‘S(*nt. Fiirtlu‘r, tlu* foriiiatioii 
of ono ooinplov from tln* othor must bo slow, olso only ono wavo 
would ajipoar. Tln* ln‘ights of tln* wavos diviMod by tlio ferrio ion 
ooiioontratioii an* giv<*n in fig. 2 and it will bo soon that at 
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Fig. 5. Current-voltage curves for tho pyiopiiospliato forric (‘oinplex at diffoiont 
phf values. Conc. of pyropliosphate --2,0.10 (\)n(*. of Fo'*'—2,0.10 •*-in. 

(/Onc. of LiCl—0.4-m. (Viiio. of gelatine - ~ 0.005 %. j)!! variod w»ih H(M or NaOH. 

14 . 10 ^-m tho ratios aro ahout tho Haino. If ono ooni])h‘x oontains 
ono pyrox)hosphaite ion and tho othor two, tlion tho oonoontration 
of froo pyroxihosphato ion in solution shold bo V(‘ry low. As alroady 
niontionod a slii?ht turbidity bogan to dcn olox) at 7.5 .10 

in tho original solution, whioh corrosponds to 15.10 af tor (lilution. 

Eoseniieim ( 1020) statos that two difforont 
ferrio oomploxos havo booii proparod, in addition to tln^. ooniplox 
roxM)rtod by Pascial ( 1908). Thoso (*onix)loxos woro foiiiid to b<‘ 
Fo() 1IP207 - and Po(OH)2P207 Tt is vory x)robabl(‘ t hal tlu* first 
ono oxists in woakly aoid Solutions and tho soooiid in ruuitral or 
slightiy alkalino Solutions. But it is probablo that a (‘onix)h*x of tlu» 
ooniposition Il2Fo(P207)2~''* also oxists in acid Solutions, and tlu» 
ooniplox salt NaBFo2(P207)3.9 aq, obtainod by (loo. oit.) 

whon saturating a sodium pyrophosijhato solution wilh forrio jiyro- 
phosxdiato, was probably a mixturo of two salts. 

Tho xiroportions of tho two ooinidoxos should bc* dotorminod both 
by pil and 00207 "^- That x>ll is involvod is ovid(»nt froni fig. 5 wiu»r(», 
(^urront-voltago curvos for Solutions of oonstant oonoontration of 
P 2 O 7 ^ and Fo^* but difforont pH aro givon. Tho halfwavo potontial 
is shiftod to nioro positivo valuos as tho pH door(»asos. Tho faot 
that only ono waivo is obtainod may bo duo to tho highor oonoontration 
of LiOl hastoning tho roaotion. Tho vory illdofiiiod wavt*. wiiioh 






Fiji. (). (^iiTont-voltaj 2 ;o (•urv(*s for tlie j)yroplK>sphato fernc (•OTnpl<'x at differont 
voncontrat 10118 of Li(’l. C^inc. of Pv rophonpliuto 2,0. ]0-2.ni. (Wc. of — 

1,2. JO-^-in. Coii»-. of pelatiiic - 0.005 %. 

t ) 0.2-m LiC^l 
# 1.0-m LiCl 
2 . 0-111 LiCl 

' 3.2-in Li(n 
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o('curs jit about pil 4 can be taken as iiulieatirif^ the presenet», of two 
different complexes tlie reaction veloeity of wliieh is not suffi(*iently 
low to /^ive two separate waves. 

The i^rd wave in fi^. 3, eorrespondin^ to the reduetion of the 
ferrons eomplex, seenis to be affeeted neither by pil nor by f(‘rri(*. 
ehloride eoneentration. The lieight of the wave, however, does not 
eorresx)ond to reduetion to the metal State, whi<‘h woiild Jniv(^ 
prodiieed a wav(* twiee as hi^h as the doiible wave wliereas tli(^ 
aetual ratio is only 1.4. At hij?her eoneentratioiis of j)yrop]ios})liate 
the wave is shifted to a more ne^jative potential and its liei^lit is 
equal to tliat of the ferrie-ferrous wave (fi^L^. 6). Th(‘re an» two 
possible explanations for these faets. One is t hat the reduetion of 
ferrous ion to inetal is ineoinplete, i.e. reduetion to the metal stat(» 
oeeurs but. tlie number of ferrous ions redueed is only proportional, 
not- equal, to the number of eomph»x(*s diffusin^^ to the nuucairy 
drof). The otlier is that r<‘duetion from the di- to univah*nt iroji, 
oeeurs ^jivinjf rise to a pyroidiosphate (»omplex of univalent iron 
but this is not very i)robable. The faet that tlu» hei^^ht of tln» wave 
does not eorrespond to reduetion to th(» metal has, how(‘vt‘r, been 
observed before. Thus Koltiioff and LiN(iANE (loe. eit. ]>. 278) 
mention that soine polaroKri^nis ^>1" ferrie eompl(*xes with mannitol 
in alkaline solution, obtained by Koniarec*, show a S(‘eond wa>'(* 
just as lii^^h as the first, but- no (*xplanation was off(‘r(*d. The same 
phenomeiion also oeeurs at pIT 12 in some ])olarof*‘rams of eitrato 
ferrie eomplexes ^jiven by Linhane (1916 fiji*. 1, ]). 2149), but a^ain 
no explanation is ^^iven. Univalent iron has Immui elainu^d to be 
present in the eomi)ouiid (XOjgEeSK but its existenee lias be(*n 
questioned (Latiwek, loe. (it. p. 298). 

The drawn-out waves seen in the various fj^ures all su^'^(»st tln^ 
oeeurenee of an irreversible reduetion with a hi^h ov(*rv(>lta^e. 
This may be related t-o th<* presen(*e of a e(*rtain amount of wat(»r 
of hydration. Tln» addition of hi^ln^r amounts of m^utral salts, sueli 
as (dilorides, would be exi)eeted to shift the wav(‘S to less nepdua» 
positions throu^^h disphmement <>f some of the water mol(»eul(‘S 
in the eomplexes by the ariions of the salt. Iii om* exp(*riment in- 
ereasin^^ amounts of Li(4 wer<» added and ]>olar()^ra})liie eurr<*nt- 
volta^re eurves obtained. The results are shown in fi^r. 9. To faeilitat(^ 
eomparison, all (*urrent data liave been eorreeted to th(‘ eurr(*nt in 
9.2-m Li(-1 beeause the hi^ijher amounts of salt affeet tln* viseosity 
of the Solutions and lumee the diffusion eonstants of the eoni])lexes. 
The ehloride ions have a very marked eff(*et-. The sloj)e of t-Iu* wa\ es 
is only a little affeeted, but the half wave potential is ^rea-tly sliifted, 
as exj)eeted. The aetivation em^r^y of the eomj)lexes is therefort^ 
rather hij^h due t o the wat-(*r of hydration present. It is also inter(*st- 
to note that in LiCl eoneentrations f^reat-er t-han 2 molar the 
se( 5 ond wave eorresponds to eomplete reduetion of the ferrous 
eomplex to the metal. 
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From fig. (i it is also j)()SsibU‘ to get an approximatc* valuc for ihe 
(‘onstant of the (‘oniplex ^ The diffusion current 

de(T(‘ases rapidly as pil inereases above 8, and abovc pll 8.5 
the Solutions developed a yellow color whieh inerc^ased in intensity 
with in(Teasing pll and api)eared to be due to (*olloidal ferric hydrox- 
ide. Tlie solubility of the latter is very low, th(*. solubility produet 
as eomputed by Latimeu (loe. eit. p. 211) being 4.10 The equa- 
tions recpiired for ealeulatirig the (*omp]ex eonstant are 

-4.1()^« 

. l'“oif . — K(. . (jMOH),]*/),"' 

P"rom these Kc is expressed by 

^ 1.10 1 

F<>H . I !>(OH) 1 J). » 

From fig. 5 the diffusion cmnmt belou pH 8.5 is aboul 2.10 (i 
A, and if t his valiie hv taken as represtuding the (uirrent when 
F'Fr(on) 1 , 0 - ^ 2.l(t ^-ju tlie data re([uired ior (*aleulating T\c ean be 

obtained (table 1). 

Table 1. 


pll , 

'(1 

10‘ 

10^ 

^\)II 

KF* 

K, 

s.no 

IM 

1 85 

0.08 

:t2 

0.05 10 

s.(;s 

1.75 

1 (17 

1 15 

4 S 

0.57 • 10 

H.7S 

1 00 

0 or> 

1.27 

r>.(» 

0.S7 * 10 


TIh* <*omplex e(mstant is tliiis about 10 


Siimmary. 

A ])olarogra])hie study of tlie eomple\(‘S formed in sodium pyro- 
phosphate-ferrie eliloridi* Solutions has b(*en (*arried out. The 
results ])oint. to th(‘ existenee of a dipyrophosphato ferric complex 
in weakly acid Solutions and a dihydroxy monopyropliosphato ferric 
complex in neutral and slightly alkaline Solutions. 
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The excretion of piperidine, f^uanidine, methyf 
guanidine and N,-methylnicotinamide in 
the ehicken.^ 

|}> IVAR SRKRRKR. 

Frotn the Institnte of Anioiaf J^hi/siolofjii 


Introduction. 

Willi (‘X(*eption of the V(‘rv weuk baso <‘mi1 iniiK», littlo is known 
hI)ou 1 t ho iiio<‘liiiiiisni of o\or<‘tion of oj ^aiii^* basos, Kooontly a fow 
studios havo boon uiado oii t ho oxorotjon of soiuo ooin])oiiTuls of 
I)harniaoolo^*ioal intorost iii nianmials (I.vrm: 194(», TIiatt iS: SrnRiE 
19U)), but iio (‘onipounds noniially o<*ounin^ in urino liavo boon 
invosti^atod. Aininonia luay, in a s(*nso, b(* said to b(‘ oxorolod by 
t ho tubul(‘S, but as aTUincuiia is forniod in tht‘ tubular opitholinui 
it is not striotly ooiiiparablo with oonipounds transforrod frorn the 
blood to th(‘ luinou of tho tubulos. ^Jovortludoss it is possiblo ttiat 
suoh a transfor inay tako ])laoo if tho blood oono(*ntra-tion is si^Tiifi- 
oant, and tlio difforonoo botwoon transfor from tho blood and transfor 
from tho (‘])itholiuni ils(*lf may bo unimportant. Tlnuo is, liowovor, 
no information on this ([in^stion. Tho jinsseiit invosti^^ation has boon 
und(*rtakon in viow of tlio possibility of tubular oxorotion of oations, 
and with ropirci to tho markod physiolo^doal aotivity of somo orjiaino 
basos. 

Tho mothod usod has boon tho ono proviousJy dovolopotl by tho 
author (Sperbek 1948), whioli is basod on tho oxistonoo of a ronal 
])ortal systiun in tho ohiokon. 

Pijioridino has roi-mitly boon shown to bo a normal oonstituont of 
mammalian urino (Ei leu 1945). This faot, and its prossor aotivity, 
woro tho rt‘asons for its inolusion in th(‘ jirosont invi^stipition. (luani- 

^ Part of tho oxy)oiis<'S havo boon dofrayeil by a grant from tho Swodish Kosearoh 
(V)UnoiI for Natural »Soioiioo 

^ A prohminary oommuniootion, rolnting to motliy]niootinaini(io, has be>en pub- 
hsliocl (SrKUHi<:K 11147). 'Pho papi^rs of Kknnii k. Moic, IIoout.kr, Neliuh & Lyons 
( 11)47 a, b) in whioh tlio tubular oxorotion of totraothyluminoniuni is domonstratoU 
111 tho (log (and man) vv(*iv not availablo to tho author until tho jiroparation of tho 
inanusoript was just finishcMl. 

4 4S10() LanibruktihtKjiikolans .bi«a/<r Vol. IS 
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(line and niothyl^uanidine liave boen inchidod beoaiiso their phy- 
siologieal activity is considerable. 

The aniide of JV-niet]iylni(*oiiiiie aeid (usually ealled iiiethylnieo- 
tinaniide) has reeently beeii shown to be a iiorTiial eonslituent of 
human urine (IIuff Pfki.zweig 1943, JoiiivsoN, TI amilton & 
Mttchej^l t 945). This (•()m])ound is a hlcdoxieation produet’ and 
tlms had a pla(*e in the author\s proji?raninie for the investigation 
of the ineehanism of excTetion of detoxieation produets (Spkkbek 
1947). 

The anions exereted by the tubules ^enerally depress tlie exendion 
of one another, wlien oeeurriii^f in suffieient amouiits in the blood. 
To investi^at(‘ wliether they have an influenee iipon tlie exeretioii 
of the or^anie bases exainined, the influcaiee of hip])urie a(‘id iias 
been studied, as also the influenee of methylnieotinaniide upon 
the exeretion of piperidine. 

Jii sonie eases an influenee of the alkalinity of the urine on the 
exeretion of various substanees has been demonstratcHi (Kkmpton 
1939, E vrle 1940). 

The influenee of this faetor has therefore becm studicMl, (‘spc^eially 
witli refifard to piperidine, whieli is the weakest of the bases investi- 
L^ated. 


Material and niethods. 

Piperidine has b(‘en us(*d as tln^ hydroeliloride and ^aanidim* as 
tbe earbonate. Methyl^uanidine oxalate has been ])re])ared from 
ereatinine by oxidation with perman^anati» aeeordinj^ to th(‘ nudhod 
of JSeituafer (1801). Met]iylnieotinami<h^ ehloridc^ has bcMai ])re- 
pared aeeordiii^ to the direetions ^iven hy Ih ff »S: Pkklzwekj 
(1943). Nieotinamide is methylated witli metliyl iodidc* in methanol 
and the j)rodu(‘t (*oiiverte<I into the* ehloride by tr(‘a1 m(*iit witli 
silvereliloride. 

Piperidine has been deterniined by a modifieation of th(‘ nH*thod 
used by Euler (1945). IJe extraeded the* basc* into et In^r from the* 
alkaliue urine eoneemtrate, (‘xtraeded the (*1h(*r with dihite suljihurie 
aeid, and measured the eolour develo])ed with i.hna]>hthoquinone-4- 
sulphonate in alkaline aleoholie solution. Tliis ]u*oe(*dur(‘ was m*- 
eessary to measure the relatively small aniounts of pipenidirn* nor- 
mally oe.eurrin^^ in urine, to^:!:(*ther witli interterin^? substanees. 

The hii^h eoneentrations of piperidine resultin^' from injeetion of 
tlie substanee, and tln» fad. that a (*onsiderable admixturi*. of inttT- 
ferin^ substan(*es is of litlle importanee in the differenee* exjHuiiiKuits 
(vide infra), made it possible to use a siniph*r, tliou^h less sp(*eifi(‘ 
me t h od. 

The rea^ent, when used in aqueous solution, Ldv(\s a stronj^ eolour 
with a number of eompounds (partieailarly amines, aniinophenols 
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and polyphc^nolH) bnt th(» u8o of an al(‘oholi(* borato biiffcT as rorom- 
mended by Eri.KU leduoos Ihe interference ronsidorably. As was 
also noted by Etlek, the aeidifieation of the solution after tlie 
eolonr dev(do[)ment eauses the eoloiir fjjiven by several interferin^ 
substane(‘s to dhninisli. H(‘ iised aeidifi(*ation ^itli aeetie aeid for 
tlu^ elarifieation of soine diseoloured sajiiples, but the results were, 
in t hese eases, treat(‘d witli rt^serve. This is neeessary, as there is 
sonie residnal eolonr from niost. int(‘rferinK (*onipounds after aeidifi(*a- 
tion, and th(‘ eolonr ^iven by pi[)eridine is also sonn^what influeneed 
by th(‘ treatiiient, thonj^h to a lesser de^rree. For this reason 1 have 
ineor])orat(‘d into the nndhod the tn*atment vvith aeetie a(*id, thereby 
diniinishinji* the eolonr ^d\en by normal <‘hi(‘ken iirine, withoiit 
aff<*etin^^ the reliability of the deteimmation. The proeednn^ nsed is 
as follovvs: 

ml 0.1 ]K‘r e(*nt wlv acpieons solution of ])Otassium O-najditho- 
(piinone-4-snl])honat(* ar(‘ mixed with 1 ml LJ ])ere(*iit wjv a(pieons 
borax. 5 ml 00 [H*r eent r'/nupieons ethanol art* added. After t horonfi^h 
mixin^ 1 ml snilably dilnled sample is ad(it*d. 10 mmntes later 2 ml 
2.0 p(*r e(*n1 r r atjneons aeetie aeid is added. Alter mixiiiK JHid 
snbs(*(inent stamliii.tr for 5 miniiU‘S i he eolonr is measiired with an 
Ev(*lyn eolorim(‘ter. nsin^ filters Sehot t iV (len. b^^ 7 and ojr 1. 

Amonnts of jiiperidim* down to 0.02 mt; may be det(*rmined and 
])ipt‘ridin(* added lo ehiekt*!! nrme is qnantitativ(*ly r(*eov(‘r(*d. 

(huuiidhiv and mcthiihjuanuliHf havt* b(*(‘n d(*termin(‘d by tht* 
m(*thod of 10'iEFMUi Mvkks (10:10). 4 ml snitably dilnt(*d nrine 
art* mixt*d >\ith 1 ml rt*atient. .Vfter 5 minntes 4 ml of water are 
addt*d. Tht* reajrent is madt* at least 00 minutt*s before t ht* dett‘r- 
mination by mixinti’ o ml 10 ]M*r et*nt tr r sodium nitroprnssidt*, 5 ml 
10 ])eret*iit tr r potassinm ft*rneyanidi* and 0 ml 2 N NaOTl. Tlu* 
eolonr is mt*asnred immediatt‘ly m the Fvelyn eolorimeter nsm^^ 
filters b^ 7 and .trjii 7. Tht* rt*lation t)t*t\\een eoneentration and (*x- 
timditm is linear np to a tpiantity of 0.0 mtr trnanidme earlionate or 
mt*thyl^nanidine oxalatt* in the sample, and as litth* as 0.05 m^^ 
may bt* dt‘tt*rmine<l satisfaetorily. The reeovt*ry of the eeunpounds 
wht*n adtlt*d to ehieken mint* in tht* dilntions nsed is on an averafre 
90 pt*r eent, bnl \aries. In eat'h expt*riment tlu* reeoxery of the 
eomponnd nsed is t*\aniin<*tl ^^ht*n a<hlt‘d 1 1 ) tht* nrine of the eontrol 
pt‘riotl and a eorn*spoinlinjr eorrt*etion faetor insed in the ealeulatioii 
of the amonnts (*xerett*tl. 

Mrthj/l nivoihtamidr has been dt‘termined by two nu*thods. Tlie 
ont* initially nst*d ^^as a sli^dit modifieation of the ni(*thod of Pekl- 
zwEiii, Heunheiai «S: Eekmiieim (1910). 0.5 anhydrons sodinm snl- 
pliate is disst)l\ed into 1 ml of the snitably dihited sample. The soln- 
tion is vi.iTtironsly shaken ftn* 00 see. willi 10 ml of butaiiol, the layers 
se])aratt*ti and tht* bntamd layer eentrifnjxed for a short time. Its 
fliiores(*enee is measnred with a Weea ])hotoeleetrie eolorimett*r. 
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Aftor the description of the method of TTiw & Peiilzweig (1940) 
becanie available, their method has been used. To 2 ml sample 1 ml 
of aeetone and 1.2 ml. 2 N iS^aOH are added. After 5 minutes 1.2 ml 
3.0 NHCl is added and the solution is heated for 2 minutes in a 
boilinj? water bath. After eooling 2 ml of 20 per eent wjv KIT 2 PO 4 
and 15 ml of water are added. The fluore 8 (*en(*e is iiH^asured as abo ve. 

Methylnieotinamide added to ehieken urine is quaiititatively 
reeovered by the first method. This is usually the case with the 
seeond method too, when the urine is stron^Iy diluted, whieh is 
usually possible beeause of the lar^je amoiints of the eomx)ound used 
in this investi^ration. 8 ometimes, however, the reeo\ery is markedly 
hi^h (in oiie instanee about 120 per(‘eiit) and aeeordin^jly the reeovery 
behaviour has been examined in eaeh experiment, by addin^- methyl¬ 
nieotinamide t o the urine of the eontrol X)eriod, and when ne(*essary 
a eorreetion has been apx)lied. 

Innlm has been determined aeeordiriK to Hi^nnART) & Loomis 
(1942). The samjde (2 ml) is heated on a water bath at 80 ’ for 8 
minutes with 2 ml 0.1 j)er eent wjv rtvsoreinol in 90 p(‘r (»(^nt rjr 
aqueous ethanol and 0 ml eoneentrated hydroehloric* aeid. The li^^lit 
absorption is measured in the Evelyn eolorimeter with th(‘ filters 
Sehot t & Gen. bg 12 and 5. 

Phenol red has been determined after suitable diliition and tht» 
addition of 0.5 ml 5 per eent (wjv) NagPCIjj })er 10 ml sample. The 
extinetion has been measured in the Evelyn eolorimetio* usin^^ filt( 0 ‘s 
bg 7 and og 1 . 

Inulin, in the quantities used does nol influenee the determinations 
of the other 8 ubstan(*es investiKat(‘d, nor is its d(‘termination in- 
flueneed by any of them (»xeept j)heno] red. The influenee of phenol 
red upon the determination of inulin is easily (‘liminated by m(‘asur- 
in^ the extanetion before warmin^ and subtrnetinj^ a eorres})ondinji: 
value from the final value. The influenee upon the ouanidine d(‘- 
termination is ealeulated from a ^^raph showin^^ the eonneetion 
btdween the li^ht absorption in the X)henol red determination and 
the light absorption iii the ^^uanidine ddermiiiation. 

Phenol red also interferes with the det(*rmination of methyl 
nieotinamide aeeordin^? t-o lliw & Pekezweig, by absorbin^^ I)art 
of the fluoreseenee. In the (‘mieentrations used this iiiHuenee is 
quite inappreeiable and has been ne^leetiMl. 

Methyl nieotinamide and hipxnirie aeid do not influernn^ the de¬ 
terminations of the other eompounds examined, exeept tiiat lar^^e 
arnounts of the former ^ive colour in the ^nianidine determination. 

pH has been determined potentiometrieally. 

White Le^^horn hens have been used, weij^hin^? about 1.5 kf^. 
They w'ere fed onee a day and the experiments were p(*rformed 
before feedinj?. 

Experiments of two types have been used. Tlie one tyjH», the 
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difference experiment, ainiB al det erm in irifc the differenee between 
t.lie arnourits exereted by the two kidneys after injeetion into one of 
the le^?s. The other type of experiment is used to examim^ the in- 
fluen(*e of one substaiiee (hippurie aeid or methylnieotiiiamide) 
npon the exeretion of other substanees. Jn both eases the nudhods 
and idarinin^c <>f the exp(‘rinients are similar to tliose of a previous 
investi^atiori (Spekber 1948). 

In differenee experiments the separate (‘olleetion of the urine 
formed by th(* two kidneys is nuule possible by the snturin^^ at eaeh 
ureteral openirik^ of a rubber fiinnel. From tiiese funneis the urine 
runs throukdj ^dass tubin^j: to t(\st tubes. The unanaesthetise<l hen 
is seeured in the normal position in a special ease with holders for 
the test tubes. 

The eomi)Ound to be investi^ated is dissolved in a small vxdunn» 
of water and inj(*eted intramuseularly into oiie iek^ The urine is 
t hen (*oil(*eted for p(‘riods up to a total of two hours. In eaeh period 
the urine from (‘aeli kidney is measnred and snitabl> diluted; aliquots 
ar(‘ used for the delerminations. 

In order to (»xamine the distri))idion of the elonnrular filtration 
rate Ixdween the two kidneys, iniilin has sonietimes been used. 
In tliis ease 0.1!—0.5 ml of a 10 ])er e(‘nt fr r soliition has been injeeted 
into the })eetoral musele 30—70 minntes previous to the be^innin^' 
of the exyandinent. 

To ensure a suffieient urim‘ flow 50—100 ml of \\at(‘r are .uiven 
by (*rop tube befort^ tlie be^innin^^ of eaeh ex])eriment. 

Periods with very lo\\ urint‘ flow (less than 0.5 inl 15 min) or where 
t ht* two Kidn(*ys ^j:iv<* a strikinjily dissiniilai’ urim* flow’ are dis('arded. 

Assume t hat a quantity a niir of a eomptnmd, whieh is exereted 
by t ht* tubult*s, is injetded in to the le»':. P is tht*n abst)rbt*d and 
])asst*s with t ht* blood flt)W^ throii^h t ht* rena) portal vt‘in to t ht* kidnt‘y 
on tht* sitlt* t)f the injt*e(ion. At lt‘ast x)art of it ])asses throuf»h the 
peritubular <*a])illarit*s of tht* kidney (SPKPtBKR P.U8). A fraetion 
t)f it, h 111 ^, is t*\ert*ted b> the tubult*s. Tht* ratio b : n is ealled tlie 
appart*nt tu])ular t*\ert*(ion fraetit>n, and niay bt* taken as a nieasurt* 
of the effieit*ney of tht* t ubular t‘\ert*titm with re^artl tt) the eom}>ound 
investi^ateti. Tht* part of a whieh is exereted ajtrr its first passajre 
throu^di the kitlnt*y will on an a\t ra^^^e be etjually distribut(‘d between 
the twt) kidneys, just as any amtiunt of tht* etmijiound nornially 
t*xeretetl by tht* animal, and also any substanet* whieh may interft*re 
with tht* tlett*rmination tlue to laek of speeifieity of the ehemieal 
inethtMl used. Thiis b is A^i^en l>\ the differenet* betwet*n the amtnints 
t*xert*ted by tht* kitlneys. 

A dis(*ussion t)f the faetors influenein^^ the t ubular exeretion 
fra(*tiou and the intt*r|)retation t)f it with respeet to tubular exere¬ 
tion has bt*(*n ^iv(*n in a ]>revious eommunieation (Sphubeu 1948). 

in order to exaniine tht* influein*e of hiiipurie aeitl on the <*xeretion 
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the urine has beeii colleotiMl from both kidnoys toj^otlier over a num- 
ber of short periods t o aseertain t lie trend of th(* (*xeretion of the 
substanee exainined. Ilippiirie aeid (or methylni(*otinamide) in 
eonsiderable qiiantities is tben injeeted intra venously during abont 
two minntes. Aft(‘rwards tlie urine is eolleeted ajiain for a nuinber 
of short jieriods. 


Results. 

Pipcridine, The eourse of a typieal differenee (‘xperinnait is ^iven 
in table 1. Tlie ]iij»h value for piperidint* is jirobably not mainly 
due to ])i]>eridine, but to olher interferin^ siibstanees. This value 
is, }io\v(‘ver, on an avera^Je in^arly eonstant durin^ tlu» tinie n<‘e(‘ssarv 
for eonqdetin^ an exjierinient, thou^di it has a tendeney to d(‘erease 
sli«htly towards the end. After tlie injeetion thcTe is a ra]>id inereasi* 
in the piperidine exeretion on th<‘ inj(*eted sidi*. Most ol*t(*n tln» ])(‘ak 
of exer(‘tion on this side lies in the firsl, fifteiMi niinule period, but in 
b ont of Ut eases the peak lies in th(‘ seeond (tlie pmiods of th(‘ re- 
niainin^j: experiments are t oo lon^ to adniit a eoneliision oii this 
])oint). As in the tabulated <*xperim<*nt, th(‘ pipmidim* (‘xeretion 
on the uninji^eted sidc» usually rises ratlM*r slowly and the (‘X(‘retioii 
on this side is usually hi^hest in the se(*ond or subsecjuent pmiods. 
The y)ip(‘ridine exendion has not nearly r(‘turn(‘d to tlu* basal h‘\'(d 
even after two hours, and t hus t h(‘ i^xerelion of the inj(*et(‘d pipmadim* 
is not eompleted within the duration of an exjHninient. Tlns niay 
at least partly explain the low reeover\ (lt> pereiMit on an avera^n^; 
ef. labl(‘ l). It also (‘xyilams why tlie (‘xendion on the inji^etial 


Table 1. The exiretiou of piperidinf' after injeetion into the teg. 
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Fij: 1. 'Phi' <listii})iiti(niL of iinno f>M an«l the »ipiuiront tubiilar ox(‘iL*tlori fractloii 
of pipoinliiu' m <lilffH‘iK*e oxpomoeuts. 

side is 11 ]) to four tinuss us liigh a> lh(' pxi rc^ion of tlip oth(‘r si(l(‘ in 
tli(* first }M*riod, d(*s})it(' tln* fact that Ila a])]);uTiit tiibular excrcdiou 
frnction is i’(da1i\ply low, 0.17 ^ d.OlS. Kxaniiiiatioii of tlip imilin 
oxcndion do(*s not r<‘V(‘al an\ irifln(*iu*<* by llio injcadion u[)oii the 
distribution of inulm (‘xcrolion Ixdwoiui tlu‘ kidno\s (and presuin- 
ably tlu‘ distributioTi of gloniorular filtratuui is unmflu(‘nc(*d). Nor 
do(*s llu* urino fjow a])])(*ar to bo oonsistiuit ly oliangod by t bo injiadion. 



intravenousiv 


Fig ' 2 . TIm' mfliiriu t» of liippunc a< id oii t bo oxcrotion of japondino and 
tiMinxiinnono siilpliuiio <'stor. 
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Fjg. 8. Tho infliienoo of TnothylnicotinauiKk» oii th<‘ oxcretion of pi])ornliM(‘ and 
hydroqiiinone 8iili>hiirio (^fitcr. Iniiliii has been givon 30 nuniites i)rior to tho 
b(‘gini»ing of tho» experiment. 


Tn a sorios of exporiinents varyiiij? ainounts of sodiuni bi(*arb()nat(‘ 
have been dissolved in tlie water adniiiiivStertMl. In tliose, as in tli(^ 
otlior (‘xperinieiits, t lie pTT of the urine has been detta inined. The 
g:raph (fi^* 1) shows the resiilts of ihest* deterniinations. Th(‘re scMnns 
to be no reason to believe thal tln* pH of the nrine has an,\ influenec* 
on the a]»parent tiibular exeretioii fraetion. The (‘onsiderabh* 
variability shown by this ratio is, however, so larj^e tliat sonie de<?re(* 
of influenee eannot be exeluded, but this faetor is eertainly not of 
deeisive iniportanee. 

Ill addition to the differenee experiments, 7 ex})erinients have 
been made to exarnine t he influenee of hi]>purie a(‘id on the exeretion 
of piperidine, and 0 others to stndy the influenee ot luethylnieotin- 
aniide. 

One of the experiments with hippurie aeid is sliown in fig. 2 and 
one with metliylnieotinamide in fig:. 3. Tii uo ease has it been possihle 
to find any (*ertain indieation that hippurie aeid. when injeetiMl 
intrav(‘iiously in amounts up to 250 rngr, iiiflmmees the exeretion 
of piperidine. In some eases a slig^ht inerease may have oeeurred. 
On the other hand the intravenous injeetion of 40—120 m^^ imdhyl- 
nieotinamide is in all eases followed by a notle(‘able fall in pipe^ridim* 
exeretion. In four of tlu* experiments this fall is followeil by an 
inerease, in the other three (‘ases by a plateau, bedore the final de- 
erease S(ds in. 
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Guanidine. The eourse of a fairly tyj)ieal experiinent is given in 
table 2, and the main data from the differenee experiments are 
assembled in table 4. As in i\w ease of piperidine, the basal level 
of apparent guanidine is relatively higli, though this probably does 
not indieate any exeretion of guanidine itself. The rise in guanidine 
exeretion is often more striking than in the experirmmt tabulated 
and in 12 experiments (out of 17) the peak of exeretion lies in the 
first fifteen minute ])(*riod, and usually the retiirn towards the 
initial level is slightly more rapid, too. The (‘xeretion of the inject^^d 
qiiantity is, however, not end(‘d during tlu^ 90 minut.es the average 
experiment lasts. The average re(*()very, (>5 %, would thus be slightly 
higher in longer experiments, but it does not se(un ])robabl(‘ that the 
injeeted (piantities would be eompletely reeovered. 

Tabh^ 2. The (wvretion of (juanidini ajier hijeviion into the 
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Tlu‘ appanuit tubiilar exereticui fraetion is on an averag(‘ 0.25 r 
0.022. T1 h‘ simullaiieous iilnmol red exeess lias b(MMi determined iii 
four easc^s. The ratio guanidine exeess: jdienol red exeess is 0.55, 
O.IS, 0.50, 0.55. 

It seems ])robable tliat tlie injeetion of guanidine mto the l(‘g eauses 
soim‘ deerease in the glomerular filtratioii rate on the side of in¬ 
jeetion. At least the exeretion of iiiulin in nine eases out of (deveii 
deereased, relative to tht‘ «‘xeretion of the other kidney. In seveii 
of tlu‘se eases th(‘ urine volmne of the in jeeted side Avas also relatively 
diminished. The avt*rag(* deerease was, howev(*r, slight, usually 
about 5 p(*r (*(‘nt. 

In six experiments the urine exereted has been neutral or sliglitly 
alkaline, as the result of addition of sodium biearbonate to the water 
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^iven. No influence of the pTI of tbo uririe upon t lie exeretion of 
^^uanidine lias been foiind. 

MHhylguanidine. This eoinpound has b(‘en iiivestipited in four- 
teen differeii(‘e t^xperimeiits, the reKSiilts of wliieh are ^iven in table 4. 
A typi(*Hl (‘xperinierit is ^^iven in table 3. The absorption at the sit<^ 
of injeetion and the exerelion of this substanee are very ra])id. The 
peak of ex(‘retion in all the experiments but one lies in the first, 
fiftecm miuiite period, and the r<durn towards th(' ori^^inal leiel of 
(apparerit ) ^nianidine exeretion is rapid and almost: eompleted wit hin 
90 niiniites. In a^reement with this findin^^ tlie n^eovery of tlu^ 
iiijeeted substanee is hi^di (<S 8 per (*ent). 

The ex(*ess of met hyJ«:uanidine exereted on the injeeted sid(‘ is 
rtdalively hi<ih; the avera^e is 37 per eent of the injeeted (piantity. 
The ratio of tliis exeess to the simultaneoiis ph(*n()i red e\e(‘ss has 
in three exiierinnmts been foimd to 0.90, 0.81 and 0.89. No eon- 
sist.ent influeiiee upon the distribution of innlin exeretion betweeii 
the ki<lm‘ys is apjiarent in ten ex])erim<‘nts where the iniilin exendion 
has been examined. Tn five of th<*se a <leerease and in four an in- 
erease was observed. Similarly there is no apparent infhumei' on 
the uriiH‘ volume. (It shoiiht be notieed that tlu* amoiints of metliyl- 
^fuanidine administenMl aiM» on an avera^e lo^\(‘r tlian the amounts 
of ^uanidine, whieli may (‘xplain the ditTeren(*e iii th(‘S(‘ resjieets; 
it may, hovvevcn*, be due to eliane<‘ deviatious, th(‘ jnoliability for 
this bein< 4 ’ IxdwiHm 0.05 and 0 . 01 .) 

Tlu* influen('e of the ])ir of tlu* urine has bc*(‘ii (*\amin(‘d, but no 
indieation lias been found that this faetor is of iniportane(‘. 

The influeiiee of hippurie aeid on tlu* 4 *xen*tion of nieth> l^nanidme 
has been <*xamined in the same manner as d(*serib(*d For piperidiiu*. 

Table 3. The exeretion of meihffhjuanidine offer injeetion i nio the leg. 
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1.00 
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0.022 
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0 075 1 
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0.23 
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2.7 3.5 
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Total 1 71 


' (^ilculated as niethylgiianidino oxalaU». 
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intravenously 

I 'rh(‘ irifliionct' (if hip]>uri(' arni oti tlu* et ton of nietliv J^imriidirM* and 

inont li\ l^lin tifonido 15 in(‘thvl}.niaindin<‘ oxalato and 2<) iiifj; jnonlln Iglui u- 
lonido liaso lK‘cn injc'ct<‘d Niil>ciitan«*ou,'l\ 15 nimntos l)<‘ton' tho bt‘giiinin^ of 

tfn* <‘\jaMirnrnt 


As nict h> l^uani(liiu‘ is so ra]H(ily (*xcr(d(Ml whcn iiijeotod inlra- 
inusciilarly tlu* (M)Iii[)ouii( 1 lias iKHai sub(*ii1aii(‘Ousl\ in tlH‘ neck 

n‘uion. Tlns mode of administration (\\lii(‘h has also be(*Ti iised in 
soim* of t he e\peiinu*nts witli pip(‘ridiiH‘) ^i\(‘S ndatively flat (•ur\(\s 
of exiaetion, and eonsecpient 1\ t be infliuaiee iipon tlu* i*xeretion 
is mor(* <*asil\ of)S(*rved. !IovNe\«*r, in no ease lias an influenec* beeii 
fonnd follo\Mn.ii tlu* intra\enous injeetion of 1(K)—libO m^ ot bi])])iiri(* 
a('id (x\]ii<*}i bas in (‘\’<‘ry eas<* ijiven a niark(*d d(*j)ression of tlu* 
simuItaiu*oiis ex('r(*tion of mentbyl.ij:ln(*nronule or a ])benol snljibune 
est(‘r). Tlu* eourse of oiu* of tlu* e\])(‘nments is sbown by fi^. 4. 

4Mu* mfbu‘n(a‘ of nu‘tb\lni<'otiiiamidt* bas not fieeii in\(*stij^at(‘(i, 
as tbis substanee a eolour similar to tbat of K^ianidine and 

met byl^nanidiiu* v\itb t be rc*a^(‘nt iised for tlu* (U‘ternnnat ion ot 
tbes(* siibstane(*s. 

Mrlln/lniriftiH(nni(h‘. 44u* flu<»rt*S(*eiH*e oi normal ebieken urine, 
w[u‘n treat(*d as in tlu* d(*termination ol tbis substan(‘(*, is (jiiitc* 
n(*^di<,qbb*. Tims, in tbis ease tlu* values ^n\t‘n repres<*nt only tlu* 
snbstama* its(‘lf. 4du* (*onrse of an experinu*nt is sboMii b> fi^. 5. 
Wben metliylni(*<dinamid(‘ is injeeted intraimis(‘ularl\, tlu* exer(*tion 
rises verv rapidly on t be inj(*eted side, and also, tbou^b to a i ar b*ss 
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Fig. r*. Tho (‘Xc*rt‘tion of mothylnicotiiiainide aftcM* injoctioii mto th<* l{‘g. 


(legroo, on th(‘ other. As is shovvn, tlie ])C‘5ilv of oxcndion inay lio 
within tho first few iriinutes jifter tho injoclion, and in (‘very (*a.s(‘ 
exaniin(‘(l within the first fifteen. TIk* decliin* is rajnd and Ihe 
<‘X(Tetion is usually very low alroady al the <njd of an hoiir. I)(‘sj)ite 
tliis fa(d, Ihe rocovory is usually far from coinploto, indicating a 
considorablo dostruotion or, more probably, a convcuxsion into othor 
compouiids. The eomi)aratively lar^o excess on th(‘ sid(‘ of injeetion 
makes it iinprobable that (he kidney alters (‘heinieally any signifieani 
proportion of the ainount injeeted, in a<ldition to the quantil.v 
exereted. The mean re(*overy is 64 per cent (ef. table 1). Tlie re- 
(*overy of the material, whieh is not exereted al ils fiist pa,ssag(‘ 
throuj^h the kidney is far lower, about 40 per etml. This lo\\ reeovery 
is the main eause why the exeretion on the injecded sid(‘ may be as 
mueh as ten t imes as high as ttn* <‘xere1ion on th(* other sidt^ Tlu‘ 
apparent tubular exeretion fraetion is, however, also eonsiderable. 
Th(* mean is f 0.04. The ratio of this figure to th(‘ fi^ure found 
for the simultaneoiis apparent tubular exeretion fraetion for phenol 
red has been estimat.ed at 0.85, 0.08 and 0.95. The plienol r(‘d setnns 
to be more (dfieiently exereted by th(* tubiiles t han Jiiethylnieolin- 
amide, biit the difb^renee is probably small. 

In seven eases the inulin exeretion has been examined. In three 
of them an inerease on the side of injeetion has been noli(*ed, iu 
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three a deorease, iiidieating that Ihe inje(*tioii of methylni(*-olin- 
ainide does not infliience the rate of gloinerular exeretion in a 
consistent marmor. This is also shown by a lack of consistont in- 
fluenc.o 011 the exeretion of inulin by the intravenous injeetion of 
eonsidi^rable quantities of the eonipound (ef. p. 56). Bimilarly, the 
urine voliime seeins to be uninflueneed. (These observations of 
(‘ourse refer to the e-onditions prevailing during the (»xperiinents, 
when filtration rat.e and urine volume are already high, diie to the 


Tabh‘ 4. The exeretion oj some hanes in difference experiments. 
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administration of arnonnts of water, and does not exchido an 

influen(*e diiring more normal (*onditions.) 

Jn 8 cases sodiuni bioarhonato has been friveii to mako tho urine 
moro alkaline. Thoro is no indioation tliat tho pil of thc^ iirino lias 
any oonneotion with tho offioioney of tho tubiilar (»xcTotion of tho 
baso. On an avt^ra^o tho tubular ox(*rotion fracdion is as hi^h in 
six oasos whore t.lio pll is abovo 0.9 as in tho romainin^ oasos wIuto 
tho pll of tlio poriods of tho main methylniootinamido oxorotion 
is aboiit or bolow 0.5 lS'or is thoro any (‘onsistont inoroas(‘ or d(*(*roaso 
in j)H on tho injo(*tod sido as oomparod witli tho othor. (On tho 
othor liand tho intravonons injootion of lar^c* amounts S(‘oms to 
in(Toaso tlio pH of tho iirin(‘ slifjhtly for a short timo.) 

Tho influon(‘o of hippiirio aoid iipon tho oxondion of nudhyl- 
niootinamide has boon oxaminod in oi^ht ox])orimonts. In no oaso 
has it boon possiblo to find any indioation tliat- hi])j)nri(* aoid diniin- 
ishos tlio oxorotion of this oomponnd. At loast. in somo oasos a sli^iit 
inoroaso sooms jirobablo. 


Discussion. 

Jn a, provious papor (SPERiiEK 1948) it A\’as oonoludod tliat tubular 
oxondion fraotions hi^^hor than 0.1 indioatod tubular oxondion. 
Tho ap])aront tubular oxorotion fraotions of niotliylniootinaniid(* 
and mothyl^uanidino aro almost as hiyh as tliat of ]>1hmioI rod, 
wlii('h substanoo is known to bo vory offi(*i(*ntly (‘Xor(‘t(‘d by tho 
tubuhss in tho ohiokon (Pitts 1958). Thoro (*an la* no doubt tliat 
thoso oompounds aro oxorotod by tho tubulos with oonsidorabh* 
offioion(*y. Tho apparont tubular oxorotion fraotion of ^uanidino 
is lowor, bnt is still hi^di onou^^h to provo tubular (‘xondion of this 
oompound. With ro^ard to piporidino somo disorotiou is ii(* 0 (*ssary 
whon in torprot in tho rosults of difforonoo oxporinHuits. Tlio [irob- 
ability is loss than 0.01 tliat tho m<*an apparont tubular oxondion 
fraotion is lowor than 0.12. Tho limit vahu* 0.1 is probably oon- 
sid(*rably lii^hor than any valm* possibh* for substano(*s not ox¬ 
orotod by tho tubulos, but it is novorth(‘loss an arbitrar> valuo. 

Thou^h tho ovidonoo for doprossion of tho pijioridino oxon*tion 
by m(*thylniootinaniido is porhaps not quito as (‘onvinoin;,^ as nii^ht 
bo dosirablo, it must bo (*onsidorod to bo additional (‘vidonoc* for tlii* 
tubular oxorotion of piporidino. In viow of this tho tubular (‘X(Totion 
of pi])oridino S(*oms to bo fairly oortain. 

Tho oompounds invosti^atod oithor do not influomv- tlu* distribu¬ 
tion of inulin botwo(*n tho kidnoys, or may oausc* soim* d(*oroaso in 
inulin ox(*rotion on tho injootod sido. This shows tliat- tho oxo(*ss 
of tho oompound studiod on this sido is not duo to an in(‘n*as(‘d 
^?lomorular filtrat ion ra to on tln* sido of injootion. 
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Th(‘ questioii Tiiay b(‘ raisod, wlietlier Ihe substan(*(\s ex(T(d-(‘d 
aro tho sanio as tlioso iiijocdod. Tho mothod of dotormination of 
niothylni(‘otinarnid(‘ is si)ooifi(* onoiifrh to make il iin])robable tliat. 
a (‘oiisidorablo olian^^c» has oo(*urrod. Tho pi])oridiiH‘ oxorotod shows 
ils (diaraotoristio oxtraotability irilo othor, from alkalino solution. 
For tho ^nianidinos no ovidonoo on tliis ])oint (‘xisls, ])iit thoy aro 
known to bo r(‘oovorod unoliaii^od to a oonsidorablo oxtont wln^ii 
injootod into mammais (Pommekrejskj 1902). 

Jt would oort ainly in any oaso bo diffioult to assumo t hat thoso sub- 
stano(*s oonld bo liandlod by tho rm^ohanism or mo(*hanisms rospon- 
siblo for tho transfer of a ninribor of anions. Jn viow of tho vory 
(‘xtonsiv(* influonoo of hippurio a(*id npon tubiilar funotions it is 
nov(‘rtholoss intorostin^^ to find t hat tho (‘X(Totion of thoso substanoos 
is not do})rossod by ]nj)})iirio aoid, inj(‘otod in qiiantitios snffioiont 
I o di*])r(‘ss t ho (*xor(*t ion of anions. This sooms t o romovo any ])ossiblo 
doubt tliat. thoso basos are ox('rot(*d by a merdianism (t.r moolianisms) 
ind(‘p<‘ndont of thoso ])n*viously studicMl. Tlu‘ dopr(\ssion of tht‘ ox- 
orotion of piporidim* ])y mothylnioolinanudt» may in(li(‘ato that 
th(‘So snbstano(*s an* ox<*rotod by a cominon moohanism, but in vi(‘W 
of th(‘ a])])ar(*ntly o(»nsid(‘rablo non-sj)ooif)<*i1 y of tJie similar do])r(*s- 
sion of tubular oxorotion of anions this ojroumstanoo oannot bo 
;ri\on mnoh woi^ljt. 

As ]K)intod out abovo, tho nioohanism of oxorotion of ammonia 
ma> not bc* markodlv differont from tho tubular t‘xor(‘tion of oom- 
jxuinds ])r(‘form(Ml in t ho blood. If so, it would bo ])ossibh‘ to postulato 
a ooniiootion t)(*tw(*on thi* ammonia oxorotion and that of tln* (*om- 
pounds inv(*sti^atod. On tlu* otlu*! haiul tlu^io aro no oirouJustano(*s 
whioh ])ositiv(*ly suj^^iost suoh a ooiim*otion, and tlu* basi‘S (*xaminod 
ar(‘ oonsid(‘rably stronj;(‘r basos t han animonia. Thon* may furthor 
bo somo oonnootion with tho tubular oxorotion of tidraotliylamnio- 
nium in mainmals. 


Siiiiiniary. 

Mothylinootinainido, nudh\If^uanidiiH*, ^uanidino and juobably 
j)ip(*ridin(* an* <‘\('r(‘t(*d by tho ronal tubuh‘s in tlu* ohiokon. 

Ilipjmrio aoid do(*s not d(‘oroas(‘ thi* (‘xon*tion of tlu* abovo- 
m(‘ntionod ooni])ounds, whon ^'iv(*n intrav(*nously in aniounts sut- 
fi(‘ii‘nt to do])ross tho (‘xorotion of a x^arioty of anionic* substanoos 
oxorot(*d by tho tubul(‘S. 

Mot hylniootinamidt* inj(‘otod intravonously in lar^^o amounts 
dopn‘SS(*s tho (*xoi’(*tion of ]>ipc*ridin(‘, but doos not iiilluonoo tho 
ox(*rotion of anions (‘xon‘tod by tho tubulos. 

Tho ])11 of tho uriuo a])])oars to havo no influonoo uiion tho tubular 
oxorotion of tlu* or;»anio basos (*xaminod. 
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Rapid Procedures for the Determination of 
Manganese in Soil Extracts and Plants. 

By FOLKK NYDAHL. 

From the Lahnniton/ of Analytical ('heinintry^ Vniv<erfiitif of l^p]>sala. 


1. Introduction. 

From s(‘v<‘rnl papers, amoti*; wliicli ma> be speciully mentioiied 
Sti:k]VRJERg\s (1933, 1934, 1935), it is evuient Ihat tlH‘ oecurreiice 
of iniinj^aneHe deficiency in plant h is related to Ihe aniount of ex- 
olian^^iMible inan^»:anese of the soil. Fiehl Inals of later years and 
other observations ha ve displaytal larjire inanjian(‘se-defi(‘ient areas 
in Sweden. The determination of exehan^rcable man^ranese in soils 
— possibly also the determination of manpmese in plants — will 
therefore ])robably be a eommonly used proeednre, on aeeount of 
wliieli it is irnportaiit that the metliods should be ^iven sueh a 
form as not to be nnm‘eessarily exjieiisive. This may be done ehiefly 
by imj)rovin^ the very nudliod lor the man.ij:anese determination. 
In tlu* present paj)er th(‘ author has made iis(‘ of the results of earlier 
Work on tlie d(*t(*rmiiiation of manganese with the view of develoj)injj: 
a method whieh >m 11 be eonvenient and eeonomieal in use. 

The investi^jation has been aided by a f»Tant from th(* Jordbruktds 
Forskiiin^^sräd. 


2. Melhods for the Extraction of Exchangeable 
Manjjanese. 

Exehan^eabh‘ manjianese is extraeted from soils by displacinf^ 
th(* adsorbed man^am*se ions by other eations. As a rule, the extrae- 
tion is <*arri<Ml ont in one of t^M) ways: either tlu^ soil is eontinually 
washed with a salt solution and two or more sueeessive portions 
are analyzed, or a series of equal wei^hts of the soil are extraeted 
by shakiriff with equal volumes of salt Solutions of inereasin^? eon- 
eentrations, whieli art» separately analyzed. The amoiint of ex- 
ehan^ireable manj?anese is ealeiilated from the mathematieally 
i‘xpre8sibl(» relation between the volumes or the eon(*entrations of 
the Solutions and the auiounts of maiij^anese found. 

5 - 48106 Lanthi ukshotiitkolans Annaler, Vol 16 
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A siiif?]e c^xtraetion of tlio soil will not eonipletoly r<»mov(‘ the 
excihangeable manganese and tho amount of inaiigan(‘se foiiinl u ill 
not be })roportional to tbe amount of exehang(‘able manganese if 
diffenuit soils iiro examined, as the adsori)tiv(‘- properties vary 
with the type of soil. Whetlier tho exehangeable manganese or the 
inanganese found by a single extraetion best eorresponds to tlie 
available manganese will not be diseussed here. 

As displa(‘ing ion ha ve been used Mg 2 +, ^^a + , K ^ or NII+. 

Jt seems to be of little importan(‘e whieh of Ihese ions is used as loiig 
as ono takes into eonsideration that th(* aniounts of manganese 
found by the use of differeut eations are not quite (*qual. Th(‘ divahmt 
ions will give the largest yield of manganese. For analytieal rt‘asons 
><(). lias been used as an ion. 


3. Choice of Method for the Mangfanese Determination. 

The soil extraet, whieh has been obtained in one way or 1 h(‘ 
other, eontains, iii addition to the extraetion medium and manganese, 
other soliibh» eom])ounds. Of these, ehlorides and organie matter 
will as a rule interfere with the manganes<* (kdermination. The latt(‘r 
is generally done (*olorimetri(*ally after oxidizing l\In“*“ to INlnO, 
by some siiitable agent. The interfering ehlorides and organi(‘ 
matter will then as a rule have to be 7*emov(al by evaporatioii with 
nitrie aeid whieh makes these methods lH*(*onn* rather length> 
pro(*edur(‘S. 

In a paper, wlihh will soon appear in Analytk^a. (hiniu A A(TA^ 
the author has, however, deseribed a method whieh will eliminate 
the mentioned disadvantages. The methcal is briefly suininarized 
as follows. 

Mn^*^ is oxidized to MriO, by ammonium ixToxidisulphate in the 
pr(‘senee of Ag ‘ aeeording to Makshall (ItH)l) and the p(u*manganate 
det(U‘mined s])e('tro])hotoinetrieally. Tln* (*on(*(uitrati(m of Ag is 
eonveniently kept. as low as 10 ^ M whieh will eliminate* troubles 
from preeijutating Ag(U. The oxidation is (‘arrieal out in a solution 
of 0.3—0.5 M IINX);j and at least 0.1 M 113 X 04 , thi* latt<*r of whieh 
will prevent formation of MnOg. The eoneamtration of peroxidi- 
sulphate may vary withiii wlde limits. VI is rendered harmless by 
eomplex formation with 11 g-' . lliimie aeids and other organie* 
e*.onstitueiits are oxidized by peroxielisulphate to eompounds whie*h 
are suffie*iently stable not< t-o appreeiably r(*due*e* the pe*rniangana 1 e 5 
during the time of analysis. A rernaining turbidit.y afte*r the e)xiela,~ 
tie)n of hirger ame)unts of humie* aeids may be e*orree*l,e‘el fe)r by 
reduetion of the permanganate and determination of the extine-lioii 
I)rodueed by the turbidity. The method is more rapid and at least 
as aeeurate as that using periodate. 
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Tlu*. niethod described was dire.ctly applieable to tlie pr(*serit 
])robloi]is and t lie- following proc^ednres wctc worked out . 


4. Procedure for the Determination of Manjjanese in 

Soil Extracts. 

The niangan(‘se is ])resiinu‘d to be extraeted by Solutions of the 
iiitrat(‘S of K, Is’a, -NH 4 , or Mg. ('a-(N() 3)2 eaiinot be- used as it will 
give a pr(H*ipitat(‘ of faSO,, due to the formation of snlpliuric acid 
from the- de(‘omposition of the peroxidisulphate. 

A. linignds. llg-Holuilon. 75 g of r(*agent grad(* llgS 04 an^ 
dissolved in a 1-litre vohimetric* flasl. in tOO ml of eoneeiitrated TfNO;, 
and liOO ml of watiT. 200 ml of <S5 p<u‘ <*ent Tr 3 P ()4 and 2 ml of 0.1 

M AgNO;, ar<* added and the solution eool(*d ;ind made uj) to the 

mark. 

Amm(mhini pcroxidisnlphatr, reaaent qnality. 

<S'5 pir vvni pho^phorie acid, reagent qnality. 

10 prr rnU sulphatt 

/ per irat hjfdrogiiiaotfc sulufioH. Tlu‘ solution doiss not k(Mq) for 
mon* tlian a f(*w da\s. 

1 >. I^roccdnre. \ m(‘asured amount of the soil (‘xtraet, preferably 
00—<05 ml, is pla<*ed in a 250-nil eonieal flask. 5 ml of llg-sohition 
and aboiit 1 g of jieroxidisiilphate are addial and the solution is 
ra])idly brought to boiling. 

In 11 h‘ v(‘ry uneommon eas(^ that th(‘ jiereentage of manganesi^ 
is large (‘iiough to firoduee a preei])itate of MuOg, 2 ml of j)hos])horic 
a('id and 1 or 2 drops of hydrovylaniine solution are added and the 
oxidation nqieated. The analysis is eontinued aeeording to (a) or (b). 

If no eolour de\(*lops and t In* solution has a strong odoiir of 
ehlorine, t In* ad<h*d amount of llgSO, has b(*en iiisuffieient. As a 
rul(‘ t his ean In* ln‘lped by adding sonn* solid IIgS() 4 . The analysis 
is eontinued ae(*ording to (a) or (b). 

(a) . The soil vxtraci iras onhf trea kl j/ rolourvd and produced no 
precipitatr of hinnic arids, Tln* solution is k(*])t slowly boiling for 
2 minut (‘S, about 1 g of p(*roxidisul]»hate is added and the boiling 
is e-oiitinued for about 1 minute. The solution is eoohnl to room 
t(*m])erature, poured into a 100 -ml volunn^trie flask and maile up 
to t In* niaik, prefiTably by 0.1 M IINÖ^ whi(*h has been boiled after 
addition of a. few grams per litre of peroxidisul])hate. The extinetion 
is determined a(*eording to 0 . 

(b) . Thr soU rxtrart was slromjhf rolonrrd and gave a prccipitatr 
of humir arids, Jn this (*ase, whieii do(*s not oe.eur very ofteii, the 
flask is eovered with a >\at(*h glass and put on the steam batli. 
Small amounts of p(*roxidisul])hate, about 5 g in all, an* added from 
tinn* to tinn* until the solution is judged to be (*ompletely oxidized. 



68 


Folke Nydahl 


More than 40 minutes should not be required. The solution is further 
treated as in (a) and the extinction determined aecording to C. 

C. Deterinination of the extinction. The extin(*tion is determined 
spectrophotometrically, preferably at a wavelength of 525 mjx. 
As a rule a depth of solution of 10 cm is convenient. If tlie extinction 
is large enough to be determined for a depth of 2 cm or less, tliere 
is usually no need to corrccit for turbidity. Even for a depth of 
10 crn the turbidity correction need only be applied for low percent- 
ages of manganese or large percentages of humic aeids. In the latter 
cases and after determination of the total extinction, the solution 
is reduced by addition of one drop of hydroqiiinone solution to the 
absorption cell, the contents of which are mixed and tlie extinction 
determined again. The value found is subtracted from the total 
extinction. 

For calibration of the spectrophotometer, Solutions of tbe proper 
concentration of perrnanganate are prepared by dihiting 0.02 M 
KMn 04 with 0.1 M IFNOg which has been boiled for a coiiple of 
minutes after addition of a few grams i)er litre or i)eroxidisulphate. 


5, Procedure Ibr the Determination of Manganese 

in Plants. 

The sample is most conveniently decomposed by wet oxidation, 
for instance with TlisOa—H(' 104 —H 2 HO 4 mixture, wliile tlie sili(*a 
obtained in tids way will not retain any manganese» and the tinu» 
consuming procedure of volatilizing the sili(*-a with TIF is t hus 
avoided. K ahane (1934) has wamed against losses of manganese 
by entrainnient. in the vapours from the digest. ()n tlie other hand, 
Ck)OK (1941) found no significant losses in nitrie-perehlorie aeid eom- 
bustion of feed samples. The author has tested the present metliod 
of combustioii on synthetic mixtures eorres])onding to sam]d(‘s of 
liay of different manganese and mim^ral ]>ereentiige eom])osi 1 ion. 
Organie matter was added as ashless filter paian*. The result.s given 
in table 1 show tliat tlu». losses are insigiiifieantly small. 

After removing silica by filtration through a ret(»ntive paper, 
the solution is free from all interfering eom])ounds and there is 110 
need for addition of irgS 04 . The acidity will b(^ at its optimum 
value if the present procedure is followed. In the presenee of large 
amounts of manganese an addition of H 3 PO 4 is ailvisabh*. 

A. Eeagents. Nitric-yerehlorie-sulphnne acid. 29 volum(»s of 
concentrated IIN03-f5 volumes of 60—70 per cent HOIO4-12 
volumes of concentrated 112^504. 

85 per cent phosphoric acid^ reagent quality. 

0.1 M silver nitrate. 

Ämmonwm peroxidisulphate^ reagent quality. 



Rapid Proceduros for the Determination of Manganese 


69 


Table 1. Testing the proposed comhustion method on synthetic samples. 

Sample A: Corresponds to 2 g of dry hay with the approximate mineral com- 
position 0.02 % FojjOa, 0.02 % ÄlgOg, 1.2% CaO, 0.3% MgO, 2.5% K^O, 0.1 % 
NajO» 0.6 % PjOj and 5 % SiO^; organic mattor added as ashloss filter paper. 
Sample B: (Corresponds to 2 g of dry hay with twice as mucsh mineral consti- 
tuents as in sample A. The mineral constituents wore added in the form of a 
solution exeept the silioa whieh was added aa finely pulv^erized silica gel. 


Sainplo 

1 

Mii udclud, 
(XmoleH 

Mij fouiid, 
(JLmoles 

Mn found, 
c<>rrected for 
the blank, 
gmoleK 

Diff., 

[Xmoles 

i 

i Diff., 

1 per cent 

1 

A 

1 

100 

98.8 

98.8 

—1 2 

- 1.2 

» 

! 10 

9.91 

9.89 

—0.11 

—1.1 

)> 

! 1 

1.01 

j 0.99 

— 0.01 

—1 

» 

0 

0.02 

I 

— 

— 

B 

! 100 

98 8 

1 ‘•8.8 

1 —1.2 

--1.2 

» 

1 i‘> 

9.8.3 

1 9.81 

i —0.19 

—1.9 

» 

1 

1.01 

; 0 99 

; —0.01 


i 

! 0 

0.02 

1 

1 _ 

— 

H. WH 

comhustioy}. 

A sample 

eorresponding to 2 g 

of dry sub- 

stanee is plaeed into 

a 100-iiii Kjeldahl flask, 25 ml of nitrie-per- 


(‘}il()ri(‘“Hul])liuric acid added and tlu* eontents iiiixed by gently 
shaking. Tlu» asliiiig luay eoiiv(‘iueii(ly be earried oiit in the appa- 
ralus shown in 1. Ileatinjr is be^ain with a small flaine. The 
frothin^ eeaH(‘s after a minnte two and the flame is mereased 
so that the nitrie aeid distils off in 10—15 ininutes. The eontents 
hlaekiMi snddenly wh(*n the oxidation Avith perehlorie a(*id be^ins. 
(At this sta^(‘ there is a eertain risk for explosion. No sueh aeeident 
iias, however, oeeniTed in this laboratory though at least 2 000 
eombiistions liave been made in the way dtsseribed.) After a eouple 
of minut<*s tln* solution is deeolourized. Th(‘. flame is theii turiied 
fully on and th(‘ perehlorie a(*id distilled off. The i)roeediire is ended. 
wlien a rin^ of eondensed sul])hurie aeid appears in theneek of tlH*flask. 

i\ Thf dvtcrrnhuiiio)} of nunHjanese, The residue in tlu^ fläsk is 
dilut(‘<i witli 75 ml of water, one <lro]) of silver nitrate solution and 
2 ml of [)liosphorie a(dd is added and the solution is brou^^ht to boiling. 
After eooling tlu* solution is poured into a 100-ml voliimetrie flask, 
made u]) to the mark and filtered throngh a dry filter of elose texture 
into a 200-ml eonieal flask. The first portion of the filtrate is brought 
ba(*k (ui thi* filtnr. About 1 g of p(Toxidisulphate is added, the flask 
is eov(Ted witli a ^^atehglass and the solution is rapidly brought to 
boiling. The flask is lifted from the flanu* and hdt. to staud for a 
minute ])efor(* eooling iinder the taj). The losses in volume due to 
volatilization should b(‘ kej)! as small as posvsible; by eareful work 
th(*y will not amount to more t han 0.1—0.2 ml. The extinetion is 
d(‘termiii(Ml as in 4, V. 




Fig. 1. Simple and offe<‘tive apparatus for reinoviug ac ul fuines in wot 

ashiiig proeedure. 


6. Suinmary. 

The ^ruwiiig: importance of diagiiosiii^ nianj 4 ‘an(‘Se-tl(‘fiei(‘ncy 
diseases in erops has led tlie author lo iiivesti^;;it(* tlie ])ossibilily 
for inore rapid inethods of inan^^anese dettninination in soil (‘xtraets 
and pJaiits. Tlie methods here deseribed ar<^ a])plicati(>ns of au 
earlier investipition ou the optiinuiii conditions of tlie ])eroxidi- 
sulphate iiiethod whieh will be i»ublished in Ainaiati(’\ (TiiMK’A 
AciA. Detailed descriptioiis of proeedllr(^s an* jiiven. 
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Polarographic Investigations on Pyrophosphate 

Complexes: 

II. Cupric pyrophosphates. 

Hy ERIK ERIKSSON. 

From the Department of Pedology. 

Introduction. 

The existence of j)yrophosx>hato (‘Ujirio complexes such as CuPaO/ ^ 
and 0 uP2O7(H3N)jj“ 2 been estahlished (Mellor) but thereis 

little information available about their stability. 

The teehniqiie iised in tlie present investipition is (l(‘S(Tibed in tlie 
first paper of the series (Ektksson 1918). 

Resulls and disciission. 

In a iireliminary experiment lv< ■! Avas used as suiijiortin^* (»lectro- 
lyte but was not suitable because chloride ioiis /.»ive risi» lo an anoilic 
current al low applied A^oltages in the re^^ion of the lialfAvavi* jiolen- 
tial of the })yro])hosphate coinplex. Only s()m(‘ e.vperiments at n*> 
laiively hi^h pll-\"alues are ^^hen (fi^’. 1). Tlu^ wav(*s are on tln* 
whole rather illdefined but the limitin^' current for (*ach curve is 
easy to estimatc» and it A\'ill b(‘ se<*n tliat il decn*ases at lii^j:h(T pH 
because of the iirecipitalion of (hi(()H) 2 . From tliis it is j)ossibl(‘ to 
caleulate the comx^lex constant (table 1) usin^^ 5.0 -10 2 » as so- 
lubility product of the hydroxide (Latimfu 1938). 


Tab](‘ 1. 


pH 

id 

(X A 

**^011 

' ]{p 

“ 011 " 

10« 

j ^'('llPoO; “ 

1 103 

^'(V>7 * 

- 10» : 

K, 

KO’ 

8.51 

3.50 



l.()0 

1.81 


y.3i> 

1 3.5(1 1 


— 

1.60 

1.84 ; 


11.44 

3.30 

2.S 

1 7.8 

: 1.51 i 

1.85 i 

0.88 

11.64 

2.73 i 

4.4 

! 19.7 

, 1.25 i 

1.87 1 

0.43 

j 11.89 

1.11 1 

7.8 

60.8 

' 0.51 ! 

1.95 i 

0.35 

1 11.96 

0.42 1 

!).l 1 

i 82.8 

1 0 19 ! 

1 1.98 

0.71 
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Ki^. I ("ui Tviit-\()ltap*.s (Mn\i\s fot t u[)ri(' hul]>}iati‘ iii j)\ l uplioHphatt' and ('hlond(‘ 
nttvlia (’oiw. of l.(i- I0 t^onc. of sodiuni pyropfiospliate, 2* 10 ‘'^-ni. 

-- Conc. of lv(’l, O.S-in. — Conc. of MK, '2 p. ]> in. — jtH ri‘f/uIaU*(l vvith IKM or 

NaOH 

K^. is lims i\ * 1(1 If oetivity be considered iiislead of coneeiitra- 
tion K,, shoiild be nuiltipli(*d by ' , but lliis inay not alter the 

^('IIPjOt “ 

valne inneli. 

lii another set of (*xp(‘rirnents Nag^^O^ was iis(*d as sup^iorting 
electrolyte (fig. 2 ). At liigher pll the waves have an unusiial shape 
but at lower ])1T they are normal. Leviis (1945), A\ho made a study of 
eleetrolytie ])reei])itation of Vn Irom pyrophosphate media observed 
t he saiiK» ])lH*noinenon, whieh is variously ternied resLstance ])olarisa- 
tion or ])olarisation diie to resistance overpotenlial. Ilis explana- 
tion Avas that below a eertain jioteiitial a film, probably of (bi 2 P 2 ^^ 7 t 
is formed oii tln» eleetrodi» eaiising a resistanee whieh reipiires a 
gr(*at overpotential. 
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Eig. '2. Curreiit-voltages cnrves for oiipnc sulphatc' in pyropiioKpliaU* ainl siil- 
phate media. — Conr. of Cu^', 1.0 • 10 •*-m. - Corie. uf sotliuui pyro])hosphate. .si‘e 
table 2. — Corie. t)f sodium siiljdiate, 0.5-iii. - (’(>iie. of MU, 2 p. p. in. — ])H re- 

giilated witli 

From the first part of Ihe eiirvos it is seon tliat tJ](‘ r<Mluction of 
Ou^ is nearly roversiblo. The polarisation din» to activation is t hus 
ratlier low and tlie halfwave potentials inay In* us(*d for esliniatin^ 
the eoinplex eonstant, at least for eoinparison with tlial (•al(*nlat(*d 
in table 1. 

The limit in^ eurrents obtained from fig\ 2 after eorreetion for 
r(*sidual eurrent have been nsed to estirnate the halfwave ])ot(*ntials 
sliown in fi^r. 3 , where the first parts of the eurY(*s have been rejdot- 
ted on a bi^ger E-seale. By this method it is possible to (»stimate t In* 
halfwave potentials with an aeeuraey of 1 mV. 

3 f the eomplex CUP2O7 ^ exists in neutral and sli^htly alkaline So¬ 
lutions it is possible that eomplexes of t-he type H(hiP2()7 and 
IT4 Öu(P 207)2 ^ exist at. lower pll-values. Ne^rlectiu^j: the aetivity 
eoefficients, the shift of the halfwave potential as a funedion of the 
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])1I jiiid (*\(*(*ss pyniphospliah* for tlio (*o!n])](*x ('uIM)7 - is ox- 
prrsscd by: 

(K, ),. — (E, X ^ t ])K4 — 1» pil) — 0.029 • 

(E, )^. is ilu‘ obst‘r\c(l lialfwavo ])oti*ntirJ of llio coiupJox and 
(Ej, t hat in Solutions with no rompJox forining aiiions or inoh»- 
<‘nb‘s prosont (t*, g. KX().{ and Jl4XEK)4), Avhih' K^. is tlie fonslant 
of tho (*()m])lox (hiPgO, ^ and K 3 and K4 tho^rdand Illi prololysa- 
tioii constants of ])yroplios])]K)ri(* acid. 

Tiio best, valuo of (E^, is probably + 0.02 volt givon in stan¬ 
dard ])ooks on ])olarography. 2 1»^*^^ boon cuilciilated from tlie 

(^x(*oss ]»yro])hos])liati*, t ho ])1I and K3 and K4, the last Iwo vallies 
b<dng taken from Laiige's Ilandbook of (diemislrv. The expression 
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Fig. 4. (E,/,)j. 4 0.029 log^C^U p jsas afunrtioii of j)IT.— Opon circles - 

valuoö calculated from experimtnital data. 

f 0.029 • lo ^;(2 lias booii (»alculatod in table 2 
and is sbown as a functioii of pll in fiK. 4. 

Above pH 0 eqnation (1) fits the (‘alciilated yaluos vory well and 
j^ivos a valiK* of 10 ”^^^ for K^.. This is bif^g:or tlian tliat <*al(*nla<(Mi 
from fi^. L bnt no notico lias booii laken of llu* atdivity (*o(*ffi('ieiit 
of HgPo^^T ^ wliicli in Ihis eoneentralion of A’ 02 ^ 1)4 is aboni 0.5. 


Table 2. 


rr 

pH 

Conc. of 
pyro- 
pliosph. 
atl<lod 
/ 102 

‘'jj.iw,- 

1(1= 

. 102 

0.029 • 
log 

^ n4’2 7 “ 

0.029- 

log 

‘ 


A 

(»^^1 ,)( ■' )s 

^ (►.(►29- 
'iLlM); 

') 1 

2.12 

2.00 

1.00 


-00.57 


0.032 

0.052 

0.1(^9 

8' 

3.02 

2.00 

1.70 

_ 

0.(K51 

- 

-0.035 

0.0.55 

(►. K^O 

(), 

3.28 

2.00 

1.78 

— 

0.051 


- 0.039 

0.059 

(►.!!(► 

2' 

4.07 

2.00 ! 

! 1.84 

— 

o.(n5o 


' 0.001 

O.C)8I| 

0.131 

1' 

4 . 8 r> 

2.00 

1.84 1 

— 

0.050 


; - 0.094! 

0.1 Mj 

- o.nu 

9 

5.48 

2.00 

1.70 


0.05 J 

--- i 

1 - 0.134 

! 0.154 

0.205 

1 

.5.74 

2.0(> 

1.55 


0.052 

— ; 

: 0.158 

- 0.178 

0.230 

9 

0.34 

2.00 

1.08 


0.057 

— 

-0.198 

- 0.218 

1 0.275 

4 

7.02 

2.00 

0.45 j 


0.008 


-0.229 

0.249 

0.317 

1 

7.40 j 

2.00 

OAS 


0,080 


-0.224 

0.204 

0.341 

0| 

5.93 j 

4.00 

t 2.98 

- 

0.044 


-0.182 

-0.202 

(►.240 

!5I 

().0() 1 

12.00 

8.59 

— 

- 0.031 

— 

-0.210 

(►.2.30 

-(►.201 

:i i 9.30 

2.00 

— 

1.01 


0.0.52 

0.271 

(►.291 i 

( 0.343 1 


^ 0.029 • log(’p^(,^-4. 
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Wlien this is taken into aeeount becomes 10 or 3*10 i*, and 
approaches the other value. P>elow pH 6, liowever, the values de- 
viate from those expeeU^d from eqiiation (1), indicating llie formation 
of another eomplex, ])robably H4Pu(P207)2 

The use of sodium pyrophosphate as an extractant 
for soil copper. 

Brkmjveh et al. ( 1940 ) liave reeently given a brief aeeount of some 
experiments witli different neutral Solutions for (»xtraeting heavy 
nietals from soils. They us(‘d pyrophosphate, ortliophosphate, or- 
ganie hydroxy-aeids and also sodium hydroxide. The highest 
aniounts of (*opper wi^re obtaiued pyrophosphate and sodium 
hydroxide. On dialysing the pyrophosphate (‘Xlra(*t most of the 
metals aeeompanied the pyrophos]>hale and it was rm‘refore eon- 
<*luded that they were extraeted b> virtue of (‘omplex formation. 
Tlunr main eomdusion was that the elements su(*h as (hi, Mn and Fe 
exist in t h(‘ soil, partly at least as metallo-organie eomplexes. Other 
eom])lex forming (‘ompounds sueh as K('N, Mhieh was used by 
Pkun ( 1945 ), are also effeetive extraetarils for eopper. 

This siihjeet has not beeu ex]>erimeut.illy investigated by the 
writer but the following theoreti(*al diseussion based on a review of 
data on the sohibility produets and eomplex eonstaiits of different 
eopp(*r (‘ompounds is offered. b>om t hese data, wliieli were takcui 
largely from Latimer (loe. eit.), the eonetmtratioii of eu])rous or 
eu])ri(* ions in equilibriiiiii with the solid or eomplex phasi* has been 
ealeulated as a funetion of the pJl and is sliowii in fig. 5 . Tli(‘ eon- 
(‘entrations are expressed as the negative logarithm (p(hi) and the 
(‘qualions us(mI are given below. Fn dealing with eomplexes, the 
eoneentration of th(* eomplex phase is ])ut equal to 10“*^, Mhile all 
other solubh» eomiKuinds taking })art in 1h(‘ equilibriuin an* taken as 
unity, ex('(*j)t ])yr()})hosphate whieh is piit (*qual to 0.1. 
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. Ch(CN5 
, Cu(OH)* 

^Cu(H,N)J 

CuiO 


10 pH 


Fig. 5. Tho DOgativo logaiithni of ('cu-' *0 function of pH for \’anon.'> 

coj)jM‘r <‘oinpoiiiuls. 


a) iibovo pTT 7. p('u " L7.,S -f 


{ 6 ) boloAV ])J1 7. i)Cii — 13.8 + pH. 


c) Amino rompl(‘xes. From Ejorriim\s diita (.S(M‘ Koltlioff 4 S: Lin- 
:ane loc. (*it. j). 179) 

lO-ioi) 

F(’u(it,N).‘ wbi(*h is api)roxiniatelv triie clown 

to Cius == 10"^ 
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a) abovo. pH 10. p<'ii 15.9 

{i) bolow pil 10. pPu - — 2.7 1 2 pH 
(1) (’u((’N)2 . (V:,,. = 10- "■> X 

< (’N 


(Vn -10->'x 
a) uboAo })lj 10. p('u -21 

Tliis vjiIiK" ina-y bc too small as tlu* C.’u((’N);, - 

inay b<^ foriiiod iiiidca* (‘ondilicnhs i»iid tluTc a-re no 

dala. available jvgardiiig it. 

[i) b(‘I()\v pH 9. p('u 2.2 I 2 ])II 


11 . (hipric i tnnfhKifuh. 

10 

a) ('u(()H)o. (\ii- -- . p(li “ S.7 t 2 ])H. 

< Oll 


b) PuS. Pc,," -- \ . S«*o also l b. 

' s - 


a) abovo ])H 7. ])Pu -22.1 ! pH 


fi) b(*low pH 7. ])Pii - 15.5 H 2 pH 


v) Ainino (*()nipl(‘\(*s. Ujornuirs data. are iised 


a) al)ov(‘ ]>I1 

10. 

ppll 

- 18.5 

fi) b('l()w ])II 

10. 

pH 

p(;u 



7.5 

10.5 



0.5 

7.0 



5.5 

5.0 


d) Pyanide eoinplexes. Heeompose rapidly lo euproiis eoinplexes. 

v) Pyroi)hospliato (*oinplexes. The eiirve was obtained from ob- 
served dala. 
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The solubility of the carbonate is rather high (pCu 10 at molar 
OOg'*) and it is therefore not included in fig. 5. Basic carbonates 
may be less soluble but below pH 7 they, in turn, should be more 
sohible than tlie hydroxide. In strong alkali Cu(OH )2 forms CuOg 
and pOuOg ^ = 2.9 +2 pOH. In fig. 5 it is seen that the sulphide is 
very insohible but in well drained soils it is probably oxidized to the 
sulphate. Mulder (1940), however, has shown that some hydrogen 
sulphide evolving microorganisms, such as Baeterium coli and Vibrio 
desulfuricanH can convert copper to highly insoluble forms not avail- 
able to plants. 

From fig. 5 it is possible to draw some eonclusions regarding the 
solubility of copper eompounds in the soil. Por this purpose these 
may be elassified in the following manner: 

T. Inorganically bound copper. 

a) Mineral eompounds 

b) “Gel-bound’^ copi>er 

TI. Organieally bound copper 

a) By oxygen groups 

b) By nitrogen groups 

(*) By sulpliur groups. 

Primary copper mineralKS such as x)hosi)hat(\s and silicates are ge- 
nerally very insoluble and are therefore uiilikely to contribute a])- 
preciably to the copper available to plants. They constitut(^ t he re- 
serve of slowly weatherable copj)er in tlie soil and would not b(^ ex- 
peeted to be easily attacked by eomplex forniing extra(‘taiits. Mi¬ 
nerals such as basi(^ carbonates and oxides niay exist, but as their 
solubility in the pH range prevailing in soil is rather high they 
should be extraeted by pyroidiosphate. 

“Gel-bound” copper, if it exists, must be relatively loosely bound 
and availabh^ be(*.ause such silicate precipitates of copper are known 
to be rather unstable. Oox)per bound to inorganic phospliate groups 
in the gel coinx)lex may also be expeeted to be loosely bound and less 
stable tlian eox>per in pyrophosphate eomplexes. It seems reason- 
able to assuine that such precipitates of copi)cr are removed by py¬ 
rophosphate. 

Since the gel comxdex also contains organic matt er a part of tlie 
copper may be organieally bound. 

The organieally bound copper has been divided into three cate- 
gories because, from the nature of the known eompounds, this dis- 
tinetion is significant in the present connection. 

In the oxygen category organic phosphates are also included. 
Besides these, only carboxyl and related groups such as hydroxyl 
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are considerod, no aceount being taken of the nitro and sulpho com- 
pounds which may be assumed to be rather soluble. The carbonate 
lias been eonsidered before and the hydrocarbonate is probably 
very iinstable at the pH prevailing in soils. Since the proton affinity 
is greater in aliphatie aeids of the type K.COO than in carbonic 
Hcid the affinity for (»opper should also be greater, but probably 
not very high. The a-hydroxyl group in aliphatie aeids are known 
to forrn stable eomplexes with (‘ojiper but, as (*un be seen from the 
halfwave potentials in tartrate and similar media (Kolthoff and 
Lingane), they are mueh weaker than pyrophosphate. 


The solubility of eox)per in 


O O 

H.o.p; :(u 


should be greater than 


O 


in 


O O O O 

^P.O.K. and pyroi>hosphate, lueause the defor- 
() O 


mation of the ])hosphate group is greater. 

On t lie vhole, it is probable t hat an evtraetant sueh as pyrophos- 
pliate should remove all oxygen bound loj^per. 

Aniino groups have a great affinity for eopper ions, but if they 
ha ve strong basie properties they will bind eopper only at relatively 
high pil values and are of l(*ss im])ortanee, Tf tlieir basie proper- 
ties are weak (as e. g. amiiio aeids) they wdll bind eopper rather 
indepeiidently of pII down to low pH '/alues. Nitrogen groups 
seeni in gcnieral to be able to form eompounds 'svith the euprous 
ion also. For tliat reason, it is impossible to say how mueh of the 
amino-bound eopper will be removed by pyrophosidiate, but it eer- 
tainly nunoves all th(' euprie part. 

Suljihur groups should bind eojijM^r very strongly, though not so 
strongly as the sulphide ion itself. There are no data eoneerning 
t hem and it is ther<*fore impossible to ])rediet to what exteiit , if any, 
they would Ix» (»xtraeted by pyrojdiosphate. 

There are also oth<*r kinds of bonds to be eonsidered. Thus Weu- 
NEK. ( 1947 ) mentions the ability of olefines to form eomplexes with 
heavy metals and he illustrates this kind of bmding in the eomplexes 
formed by ethylene with PK^lg and (hiClg by: 


II = CTIo 

4 

n—pt- Cl 

I 

(1 


6 —4810H Lanthrukfihogslcolans Annaler. V^>1. 16 
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The same kind of complexes seem also to be formed by azo com- 
pounds where == N- plays the same röle as the double bond 
in ethylene, and the strong complex forming ability of dithiozone 
may be due to this. Olefines may have a transient existence in soil 
but the occurrence of azo compounds is much more doubtful. 

Some of the organieally bound eopper may be inaccessible to 
plants, e. g. that i)resent in the living fauna and flora of the soil, 
or in their undee-omposed remains. But such physical factors should 
in a similar way also hinder the extraction of the eopper by pyro- 
phosphate. 

From the above diseussion and from the faet that roots posseas 
strong complex forming groups sueh as amino and sulphur, it seema 
very likely that pyrophosphate should be quite a suitable extraetant 
for the available eopper in soils. From fig. 5 it is se(*n that KC'N 
should be mueh more effeetive than pyrophosphate at higher pll 
values, but at pll 7 the eyanide eoniplex is not very mueh stronger. 
The differenee is that KCN takes both (uiproua and euprie eoppeu* 
and it would be possible to get an approximate estimate of thes(‘ 
two fraetions if pyropho8i)hate were in ert to eiiprous ions, but this 
is not definitely established. 

It is also seen from fig. 6 that ammonium nitrate (used by Steen- 
BJERG 1941) would take some euprous ions by complex formation 
and, if the pH is not too low, some euprie ions also. It is probabh* 
that this is partly responsible for the faet tliat Steenbjerg, wlnui 
extraeting different soils with 1-m Solutions of this salt, got a mini¬ 
mum of ‘‘available’’ eopper from soils with a pll of about 0. With 
highly limed soils (pH above 7) the pH of the extraetant may Ix* 
altered. Further, as was realized by Steenbjerg, some of the “avail¬ 
able” eox)per in the extraets may have appeared in association 
with organie inatter. This may also account for the higlu^r amounts 
of eopper in extraets from highly limed soils. As Mattson and 
Anderhson (1942) have shown, liming a soil (^auses a break up of 
the organie matter to smaller aggregates (j3-a(*ids) whieh would 
therefore be more readily extraeted. The use of other neutral salt 
extraetants (Hoffmann 1939) is open to the same critieism. Of the 
other extraetants U8(»d, HCl of different eoneentration (Steenbjerg 
loc. eit., Hoffmann loe. eit.) may be mentioned. To get a reason- 
ably stable pH, however, a rather coneentrated acid musti be used 
and it is questionable if it would have any advantage over a neutral, 
complex forming extraetant. 

To avoid ineluding organieally bound eopper in the analytical 
result it is very desirable t o separate rather than destroy the organie'. 
matter in the extraet. This diffieulty eould probably be obviated 
by means of a direct electro-ehemical estimation. 
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Summary. 

A polarographic stiidy of pyrophosphato cupric complexes lias 
been carried out and the constant of the complex CUP 2 O 7 ^ have 
been estimated. A classification of the differcnt forms of coi)x>cr in 
soils is suggested, and on the basis of the experimental result.s ob- 
tained and of existing data on solubility and complex formation 
the us(^ of pyrophosphate as an extractant for soil copper is dis- 
(uissed. 
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The Ability of Cattle, Sheep, Horses, and Swine 
to Digest the Nutrients of the Feeding Stuffs. 

By JOEL AXELSSON. 

From the Department of Animal Nutrition. 


I. Introduction. 

The (Ugestioii coefficionts in tlie textbooks of anirnal nutrition 
usually originate from experiments with eattlo and shet^p. As tln* 
nuniber of trials with sheep is miieh greater than that with eattle, 
the coeffieients are predominantly base<l on exi>ermients with sheep. 
Most of the feed, however, is consumed by eattle. Tliertdore, if 
a differeiiee in digestibility between the two si)e(*ies siiould oeein\ 
it w^ould be most suitable to (*arry oiit triaJs witli eattle. 

Usually, tlie same digestioii eoeffieients are applied to the feeds, 
also when they are fed to liorses and swine. However, as to a grtnit 
number of feeds the eoeffieients, obtained in trials with thes(* s])i‘eies, 
differ from those of the textbooks. Partieiilarly with r(‘gard to 
swine is this the ease, and therefore in some textbooks of swine 
nutrition the feed evaluation lias be(‘n based on the ability of this 
speeies to digest the feeds. 

Eeeently, ScmJVKiDER (1947) lias colleeted a great(*r number of 
digestion eoeffieients of eattle, sheep, horses, and swine than wen» 
brouglit togetlier earlier. Thus, with the helj) of this material, it 
has been possible to elueidate the subjeet more fully than in earlier 
treatments. The results are given in the following pages. 


JT. The Ability of Cattle and Sheep to Difjest the Feeds. 

Earlier Investigations. 

The opinions as to the ability of eattle and sheep to digest th(‘ 
nutrients in the feeds differ in some degree. Bartlett (1904), and 
Kellner (1906) found that cattle were able better than shee]> to 
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digest eoarse feeds poor in protein, such as timothy or meadow hay. 
Aecording to Bartlett, the more nitrogenous rations were as well 
digested by sheep as by eattle, and in some cases better. However, 
the differences among the digestion eoeffieients of the individual 
sheep were as great as those between eattle and sheep. In other 
experiments (*.oarse feeds have been digested as well by slieep as 
by cattle. This was the (iase in trials with different kinds of hay by 
Tangl et al. (1006). Tn trials by ^Neidki et al. (1921) silage with 
30 % of erude fiber in the dry matter was digested best by sheep, 
th(^ digestion eoefficient of the organic matter being 7 units higher 
for this sp(‘eies than for eattle. Th(^ differences showed aboiit the 
same valu(‘ for all the nntrients. For sorghum grain Weisee et al. 
(1021) obtained higher eoeffidents in eattle than in sheei). However, 
V(‘)LTZ et al. (1031), snmmarizing the resnlts, stated that cattle 
digest roughag(‘ bett(*r than sheep, ami that sheep digest coneentrates 
bet.ler than (‘attle. Tliis Yi(‘w, however, jnay depe^jd on the small 
number of <lireetly (^»inparable trials. Kor oat mill feed Lathrt^p 
i*t al. (1038) foiind that eattle and slu‘(*p liad the same ability to digest 
th<‘ nntrients. 

To (‘lucidate this subjeet fuither tia aiithor (\xelsson, 1042) 
tr(‘ated whole rations, the nuinb<‘T being 202 for cattle and 547 for 
sheej). Th(* trials had been carried out in different institutions 
diiring t In» two last deeades. For (‘a(‘h speeies the rations were 
groiiped aeeording to tln* eontcnit of the varions nntrients in the 
dry matter, and the loss of (‘a(*h nutrient in ihe fee(‘S was considered. 
Tlnis, the m(‘an digestion eoeffieient eonld be caleiilated in eaeh 
gnnip. The aniount of (‘aeli nutri(nit, lost in the fe(*es, per kg of dry 
matter of the rations, Avas the same in tlie t-wo sp(H*ies, and therefore 
tln* organic matt er was dig(‘st(Ml to tlie sann* extent by sheep as by 
eattle. An inereast* of the e-nnh* fiber (*ont(nit of the dry matter of 
the rations e.aused a nadilinear d(M‘rease of the digestion e.oeffieient, 
the regression e(|uation b(*ing the following: 

<S7.6 -0.81;r. 

Jn this (Mpiation x expresses the erude fiber in percamtage of the 
dry inatHu, and // the digestion eoeffieient of the organic matter 
of the rations. 

The Present Investigation. 

At first (Jigrstiov covjjicients of the same freds or the same cpialities 
of feeds were eomparecl. All feeds with a t least 2 experiments Avero 
ineluded irrespeetive of Avludher the diree.t or the indireet method 
was used in the trials. For eaeh kind of green feed, silage, and hay 
tln^ quality was eonsidennl the same if the differenee between the 
l)(‘re(mtag(‘S of erude fib(*r in t he dry mat t er was less than 5 units. 
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Only normal feeds were taken into aocount, chemically treated 
feeds being excluded. The whole nmnber of feeds was 111. 

The means and the standard deviations of the crude fiber content 
of the dry matter, and of the digestion coefficient of the organie 
matter are given in table 1. 


Table 1. The Crude Fiber Content and the Bigestibility of l^amples 
of the Same Feeds for Cattle and Sheep, 



Cattle 

Sheoji 


Means 

Standard 

deviations 

Means 

Standard 

deviations 

Crude fiber percent of the dry mattor 
Digestion coefficient of the organie 
matter. 

23.7 ±1.10 

68.2 ^ 1.1.5 

12.3 i 0.82 

12.2+0.82 

23.9+.I.17 

68.(»4 1.23 

12.310.83 

12.94 0.87 


This table shows that the mean of the crude fiber content in the 
dry matter as well as that of the digestion coefficient of the organie* 
matter in the feeds were practically the same in cattle and sheep. 
Therefore an analysis of variance has been excluded. 

To show the connection between the crude fiber (*ontent in per¬ 
cent of the dry matter (x) and the digestion coeffi(*ient. of the organie 
matter (y) in the feeds, the coefficients of correlation and the ecpia- 
tions of the regression of y on x ha ve be(ui caleulated. Tln» result is 
given in table 2. 


Table 2. (Utrrelation Coefficients and Fegression Kgaations in the 
two Samples of the Same Feeds, 


Sample of toeds 

Correlation eocffirit^nts 

Ke}j;rt‘ssioii 

cquatutiis 

Cattle. 

— 0.74510.0422 

i y 85.7- 

- 0.739 X 

Sheep. 

— 0.821 ±0.0310 1 

i 2/-“88.0- 

-(1.869 j- 

Mean. 

— 0.784+0.0250 

;// 87.1 - 

0.80(» jr 


According to this table the correlation and regression co(dfici(*nts 
showed lower values for cattle thaii for sheep. To see if th(* differenc(‘ 
between the regression coefficients is significant, or if it represents 
only a sampling variation, the sum of squares of errors of estiinate 
from the average regression within samples has been (*onipared 
with that from individual regressions within samples. The result 
is given in table 3. 
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Table 3. Analysis of Errors of Estimate from Average Regression 
within Samples of the Same Feeds. 


Source of variation 

Erro 

D.F. 

rs of est 

Sum of 
squaroH 

imato 

Moan 

square 

Deviations from average regression within sarnples .... 
Deviations from individual regrossions within samples.. 

Differences among sample regressions. 

V ^ 

219 i 13334 
218 1 13211 

1 1 123 

- 123.0/60.6 

j 

60.6 
; 12.3.0 
2.03 1 


The F-value is too small to show a si^fiiifieance of the differenee 
betwM'en the two samples. Thus, at a 5 point the F-value would 
have been 3.89, and at a 1 % point 6.76. Therefore, in table 2 the 
averajces of the eorrelation eoeffieients and the regr<^^ssion equations 
are given. Aeeording to the average regression equation, the tw^o 
sj)<K*ies in feeds free from eriide fiber digest 87.1 of the organio 
matt er. Furtlier, the <ligestion eoefficicmt of the organic* matter 
de(*reases, on an average, with 9.8 units for eaeh pereentage unit 
of in(*reased eriKic^ fiber eont-ent in the <lry matter of the feeds. 

As it may be possible thati eattle digest one or another of the imtri- 
(‘iits better thaii sh(M-p, and viee versa, tliongh the digestion of tho 
organie. matt(*r as a whole is the same, the feeds vx^re grouped aeeord- 
iiig to the (trude fiber eontent of the dry matt er, and the average 
digestion eoeffieient of eaeh nutrient vvas ealenlated in the groiips. 
Tlie result is given in tabh^ 1. 


Table 4. The Mean DigeHiion (Utejfieient^s of the Xnlrievis /a ihe 
VarioHs (houps of Feeds for Fa til e and Sheep. 


! 

I 

l 


('r U(l<‘ 
hiMT. 


I J)im*siu)n of 

Nuin- - - - - - - - -- 

Imt ol i nrot«Mii »•xlrnoC ^ oiudo fihrr 

/_:_ _ 


or^anir 

rnrtttor 




Cllttlc 


fatt lo 

'..hoop 

(att lo 

^hoop 

oattI(‘ 

shoop 

oa 11 lo 

slaH*|) 

O 0 ,v.o 

10 

61 

56 

.50 

58 

89 

90 

11 

44 

85 

85 

r>.i 10.0 

15 

69 

77 

62 

66 

87 

89 

44 

55 

82 

84 

10 .1- l.'>.0 

7 

77 

77 

87 

86 

78 

76 

46 

38 

73 

74 

10 .1-20.0 

7 

67 

72 

59 

56 

66 

75 

41 

55 

68 

73 

20.1 - 2.^>.0 

\ 

61 

1 i 

72 ’ 

69 

75 

74 

64 

60 

68 ' 

70 , 

25.1—30.0 

20 

62 

63 

64 

63 

69 

69 

61 

57 

66 

65 ! 

30.1 - 35.0 

36 

55 

53 

54 

49 

04 

62 

57 

57 

62 

59 

35.1 -40.0 

S 

54 

47 

48 

45 

57 

54 

58 

54 

57 

54 

40.1 - 

4 

13 

2 

59 

58 

47 

50 

53 

55 

49 

51 

Moans 


57 

56 

62 

61 

70 

71 

48 

53 

68 

68 
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The table shows that, for each nutrient, the digestion ooefficients 
in some of the groups were highest for cattle, in others for sheep. 
In a few cases the coeffieients were the same for the two speeies. 
Further, for each nutrient, the means of the coeffieients were about 
the same in cattle and in sheep. Tims, the differerices betweeii the 
coeffieients of the two speeies were fiilly irregular, no trend being 
at hand. The result therefore shows that. cattle and sheep did not 
only digest the whole organic matter, but also the different parts 
of this matter to the same extent.. 

Then, all feeds of at least 5 experiments were ineluded in order to 
Work out the regression of the digestion (*oeffi(‘ient of the organic 
matter on the crude fiber content of the dry matter for riirniiiants 
more fully than c.ould be done when the same feeds were (‘ompared. 
The imniber of feeds then inereased to 203 for cattle and to 479 for 
sheep. 

The means and the standard deviations of the crude fiber (‘-ontcMit 
and the digestion coefficient in the two samples are given in table T). 


Table 5. The Crude Fiber Content and the DigvsiibUitjf of ^Samples 
of Various Feeds for Cattle and Sheep. 


Cattl»* 




' Staiulurd Stamlard 

- ^ M(‘ans 

I doviutions 


Crudn fiber porrent of tho ciry Tnatterl 
Digestion (‘oefficioiit of tho organic! 
ma L ter .j 


I 

27.7-f 0.()9| O.iH (».40 

I 

(>;{.7l0.t>8 0.7 ' 0.48 


25.81 0.51,11.1 f (»..30 
()(>.7l0 .">7 12.5 ^ 0.40 


On an average the percent of crude fiber in the dry malier of tln^ 
feeds was higher in tJie sample of cattle than in that of sheep, and 
therefore the average digestion coefficient. of th(‘ organic. matter was 
lower. 

To analyse the eovariance and to test the signifieance of adjiisted 
sample-means the data in tabh* 0 have beeii cornjiiled. 


Table 6. Analysis of Covarianee and Test of the Signifieanee of 
Ädjusied Sample-Means. 


Sourcc of variation j 

1 

i).F. j Mcan HCjuaro 

Withiii samplos... 

«79 1 .58.3 

1 241.0* 

F — 241.0/.58.3 — 4.13 

Botween adjusted moans of sainplos. 
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As the F-value nearly agrees with that of the 5 % point, it cannot 
be regarded as fully significant. However, it indicates the possibil- 
ity that the differeriee in erude fiber contcnt did not cause the whole 
difference between the digestion ooeffieients of the organici inatter 
in the two samples. 'J^hus, this difference coiild partly be caused 
by the individuality of the feeds, as these were not the same. There- 
fore, it does not indicate that a differen(*e would exist between the 
two Bpeeies as to their ability to digest the orgaiiic, inatter in the 
same feeds. 

To show the coimection between the erude fiber pereentage of 
Uw dry matter (x) and the digestion coefficient of tlie organie matt(»r 
(if) in the two samples of feeds, the correlation c.oefficients and the 
t‘quations of the regression of y on x are given in table 7. 


Ta1[)le 7. Correlation Coeffieiniis and JReyrfisnion fJquatiom in the 
t ICO Saniplen of Vario us Fet da. 


San>f»Ie ot leods 

1 ('orrolation ccndficieiC' 


JU‘giH*p5Mion etamtions 

(’attl<‘. 

0.808 .^-0.0244 

' 

y.r- 84 0 -0.738 r 

Sh(H'fi. 

--0.768 + 0.0188 

j 

y — 89.1 -0.807 .r 

Moaii . 

0.70210.0100 

' 

y - 87.8 -0.833 r 


This table shows that the vahn^ of the (‘omdation eoeffhaent was 
liigher for catth' t han for slnnq). On the other hand, the value of 
tlie rt*gr(‘Ssion (‘oefficient was lower. llowever, in both eastss the 
differene(* ^^as relativcdy small. All the valiu*s agree elosely witJi 
lln‘ corresponding vallies in table 2. 

To s<*<‘ if the difference btdween the regression (*oeffieients of tln^ 
1 vvo sain])les is significant or if it r<*presents nnuMdy a sampling varia¬ 
tion, the suin of scpiares of errors of estimati» from the average regres¬ 
sion witliin samples lias beeii compared with that from individual 
regressions witliin sampl(‘s. Th(* resnlt is given in tabh* 8. 

1\ibl<‘ 8. Analysis of Errors of Esthnate from Average Eeyression 
trilhin Samples of \ arioas Feeds. 


Snuicc of vaiiatioTi 


Krrors of o.stimat** 
ISiim of Moan 

1) Jb. 

usquarort I Kquuro 


l)t'\iations from uv(‘ra^o rogreasioii within samples .... 
Devjations from mflividual regressams withiii samy)los. . 
Differeiieos among samplo rogressioiis. 


079 I 8060(1 

(>7S I 89818 . 58.0 | 

1 1 208 208.0* j 

F - 208/58 4.58 i 
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As the E-value falls near to the 5 % point, it is not fully si^^nificant; 
and therefore it does not prove that the regression is different in 
the two species. However, the possibility of a difference is indicated; 
but this difference — from a practical point of view — is too small 
to be of importance. For these two reasons, the averages of the sam- 
ples have been calculated and recorded in table 7. The average of 
the crnde fiber percent of the dry matter was 26.4 ± 0.41, and that 
of the digestion coefficient of the organic matter 65.8 ± 0.45. The 
average correlation coefficient was —0.762 ± 0.016. The equation 
of the regression of the digestion coefficient (y) on the crnde fiber 
percent (x) was the following: 

y = 87.8 —0.833 ir. 

This equation agrec^s very well with that of the earlier investiga- 
tion of whole rations, given by way of introduction, as well as with 
that in the samples of the same feeds recorded abo ve. 

As it is of interest to know the conneetion between the erude 
fiber content of the dry matter and the digestion (koefficient of each 
nutrient in the organic matter of the feeds, these have Ixken grouped 
a(kCording to the crnde fiber content. In each gronp the weight(‘d 
rnean digestion coefficient has been calculated, the number of feeds 
for cattle and ahe(*p being the weights, and givcm iii tabh* 9. 

Table 9, The Mvan DlgentUm CoeffivivntH of the Ntdrlenis in thv 
Variouft (rronpft of Feeds for Bumlnantfi, 

' i DiC(‘stioii ooefficifiitH ot 

, O' Nuinbor !- 


i-iuat* lUMM, /o 

t)f ifpds 1 

protein 

ether 

1 extract 

1 X-tie(’ 

1 extrnet 

j enide 

j tiher 

1 1 

(»i^auie ; 

iiiatt<*i 

2 .(i 

37 

58,5 

54.7 

87.9 

38.4 

! 

7.5 

51 

72.9 

55.7 ! 

85.4 

47.5 

SO.S 1 

\2.:: 

3a 

72.4 

55,4 

78.9 

55 2 

75.0 I 

17.7 

31 

(>7.2 

57.3 

75.8 

50.() 

72.5 1 

22.7 

(){) 

50.9 j 

59.7 

73.5 

59.7 

5<1.2 1 

27.7 

143 

50.5 

.55.1 

58.0 

5.5.5 

54.0 1 

32.5 

197 

55.7 

51.5 

52.8 

57.0 

(iO.4 ' 

30. S 

89 

50.0 

45.5 , 

57.4 

.54.5 

55.2 1 

4().4 

25 

25.7 

48.3 

50.5 

44.8 

45.7 ! 


According to this tabh» the digestion coeffici(knts of protein, 
ether extract, and K-free extract dec-reased with an increased con¬ 
tent of crnde fiber. The low coefficients of protein and ether (kxtract 
in feeds poor in crnde fiber were cansed by some fecnls haviiig a very 
low content of protein, respectively ether extract. The coefficient 
of crnde fiber increased gronp by gronp nntil about 20 % of crnde 
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fiber in the dry matter was attained. When tliere was a further in- 
erease of content, the digestion coefficient decreased slowly. Thus, 
the regression of this digestion coefficient on the crude fiber content 
of the dry matter showed a slight curvilinearity. 


III. The Ability of Horses to Digest the Feeds. 
Earlier Investigations. 

Even WoLFF et al. (1879, 1881, 1884) compared, in a number of 
feeds, the digestion coefficients of horses with those of sheep. The 
<*.oeffi(*ients of wheat straw w^ere not directly comparable, though 
it was coiicluded that sheep digested the organic matter of this 
feed better than liorses. In fresli meadow-grass sheep digested 
65.9 %, and horses 52.7 % of the organic inatter. In a number of 
trials 9 kinds of meadow hay were investigated, the digestion coeffi¬ 
cient of tiie organic inatter being on an average 62.5 in sheep and 
50.4 ill horses. For alfalfa hay the inean coefficient was 59.3 in sheep 
and 58.1 in horses, and for red-clover hay 55.4 in sheep and 50.8 
in horses. Jii all these kinds of hay the differencc between the 
(‘oefficients of the two s])ecies w’as greatest in etlier extract and crude 
fiber and sniallest in protein. In some trials horses digested the pro¬ 
tein Ixdter than sheep. TANC4L et al. (1906) investigated different 
kiiuis of liay, t(»o, and foiind the <*oefficient of the organic* matter 
to be 6—9 imits high(‘r in ruininants than in horses. Protein, how- 
ever, was digest ed to the same extent by both si)ecies. 

Of eonccMitråtes oat- meal was invc^stigatcMl by Wolff et al. (loc. 
cit.), the coefficient of tiie organic matter being on an average 72.9 
in shc^ep and 72.0 in hors(\s. In oats containing 12.5 of cTiide 
fibcu* ill the dry matter TAXcm (1905) foiind tliat^ 66.3 % of tlic» or¬ 
ganic mat t er were digcssted by sheep, but only 59.7 by horses. 
The diff(n*c»nc(' w^as greatest in crude fiber. In protein the digestion 
(*oeffi(*i<*nt was liighcu’ for horsets than for shec^p. Oat hulls, in trials 
by IjTNDSEY cd. al. (1920), wc»re digested betteer by sheep tlian by 
horsets, the co(dfic*ien1 s of the dry matter being 34 and 22. The same 
aiithors invc»stigated oat fc*ed and oat middlings, and found higher 
c*oeffic*ients in shex^p than in liorses, On tlie other hand, Lathruf 
et al. (1938) found tlic* digestibility of oat mill feed to be the same 
for horsets as for c*attle and shec^p. In trials by Weiseii et al. (1905) 
the digestion of sorghum grain was bett er iii ruminants than in 
horsevs. In trials by VVkisek (1906) t-his was the case too as to grape 
inarc* meal. Accamling to Wolff et al. (loc. cit.), sheep digest ed 
89.() % of the organic* matter in bean seed and horses 87.4 

The author (1941b) treatcMl 71 rations of trials with hor&es and 
found higher digestion coefficient s in protein than would be expeeted 
in ruminants. In ether extract and crude fiber, on the other hand. 
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the coefficients were lower. In tlie !N^-free extract the digestibility 
was nearly the same for horses and ruminants. An increased ernde 
fiber content in the dry matter of the rations depressed the digestion 
coefficient of the organic matter more rapidly than for ruminants. 
Bations rich in starch and sugar were digested by horses as well 
as by ruminants, but rations rich in coarse feeds were digested best 
by ruminants. An increase of the crude fiber content of the dry 
matter amounting to one percent caused an average decTcase of 
the digestion coefficient of the organic matter amounting io 1.26 
units. 

The Present Jnvestigation, 

As the nurnber of feeds in trials with horses is small, all normal fei^ds 
were iiicluded indepeiidently of tlu*. numb(T of experiments. The 
digestion coeffi(åent may therefore show a greater variation tluin 
in the iiivestigation of ruminants given above. The whole niimber 
of feeds was 82. 

In table 10 are given the means and the standard deviations of 
llie crud(^ fiber content of the dry matter and of the digestion eotd- 
ficient of the organic matter of the feeds in the sample. 


Table 10. The Crude Fiber Content and the DigestibiUtg of the 
Feeds in the Sample for Horses, 




Alcans 

Standard 

drvuilions 

Crude fiber pereent of 
Digestiem (5oeffieient of 

tho dry inatter.j 

tho orgauK' inatter.| 

L>].3 i 1.42 
ai.r>i2.27 ' 

13.0 j 1.00 1 

20.()4-l.()l i 


The mean (jrude fiber content Avas lower than in th(‘ samph^s of 
ruminants, but in spite of this the m(‘mi digestion (‘-oefficient was 
lower. It follows that, on an average, horses are inferior to rumi¬ 
nants in digesting the feeds. 

The coefficient of the cnrrelation betwecm tln^ (Tud(‘ fiber content 
of the dry matter, and the digestion coefficient of the organic matt(T, 
as well as the equation of the regression of the digestion coeffi- 
cieiit (y) 011 the crude fiber content (x) were the following: 

Correlation coefficient: — 0.786+0.0420 
Kegression equation: y ~ 88.2 - 1.252 x 

The value of the correlation coefficient was about the same as the 
corresponding values in the samples of ruminants. The value of 
the regression coefficient, on the other hand, was greater. 

To test the significance of the difference between the regression 
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coefficients of ruminants and horses, the sum of squares of errors of 
estimate from average regression Avithin samples has been compared 
with that from individual regressions within samples. The resiilt is 
given in iable 11. 


Table 11. Analysi a of Errors of Estimate from Average Regression 
Within Samples of Ruminants and Bor ses. 


Source of \ariatioii 

Errors of estimate 

_ ISiim of! Mt*an 
D.F. 1 

;squares squure 

i 

Dcviatioiis from average rcgreasion within samples . .. 

761 

54764 

Deviations from individual regressions within samples.. 

7()0 

52806 69.5 

Diffcroriees among sample regressions. 

1 

1958 1958** 

F 

1958/(19.5 -- 28.2 


As the F-valu(‘ is liighly signifieant, an inereased t ontent of 
<*Tude fiber in tbe dry matter of the feeds (*aused a stronger depres¬ 
sion of the dig(‘stibility of tlu^ organie mal.ter in liorses than in 
ruminants. Tn fee<ls defi(*ient or poor in erude fib(T, liorses digest(*d 
the organie matter as well as ruminants. (\)arse feeds, on tlie other 
hand, were digestc^i better by ruminants than by horses. Thus, 
of th(‘ organie matt er in feeds containing 40 of erude fiber in the 
dry matter 55 on an average, were digested by ruminants, hut 
only 58 by horses. Sueh feeds, therefore, eontain 45 more dige¬ 
st ibl(‘ organie matt er wlnui used for ruminants than for horses. 

To S(4* how an inereased erude fiber (*ontent in the dry’^ matt er 
influerie(‘d the digestion eoeffieients of th(‘ various substanees of 
the organie matter, the* fe^Mis were grouped aeeording to the erude 
fiber eontent, and tlu» mean eoeffieient was ealeulated in eaeh grou]). 
The result is given in table 12. 


Table 12. T/ie Mean Digestion Voeffieivnts of the Xufrients in the 
Various (iroups of Feeds for liorses. 


' 

erude tilMT, 

N uni]>i'r 
ot teedh 

]>loteili 

Digestion eoefheients of 

etlier N-free erude 

(‘\traet oxtinet fiber 

oiganie 

mat ter 

1.8 

8 

«i i 

.59.2 

94.6 

52.4 

89.5 

7.1 

15 

77.7 

39.8 

86.2 

41.3 

70.1 

11.8 

10 j 

76.0 

56.5 

73.9 

44.6 

70.4 

17.0 

6 

75.7 1 

49.5 

70.2 

43.7 

66.0 

22.9 

1 ^ \ 

43.8 

51,8 

66.5 

45.2 

58.3 

27.7 

13 ä 

rn.i 

31.2 

53.5 

38.8 

47.2 

32.6 

13 

55.3 

25.1 

49.2 

33.4 

43.8 

37.7 

9 

59.2 

27.6 

56.9 

47.7 

52.7 

46.2 

4 

28.8 

48.5 1 

28.8 

33.3 1 

34.0 








94 


Joel Axelsson 


A ^n‘oup by group comparison of the averages of this table with 
those of table 9 indicates that horses digested the protein better 
than ruminants. Thus iii 6 of the 9 groups the averages were highest 
for horses, and the conelusion drawn earlier by the author (Axelsson, 
1941 b) seenis therefore to be verified. The (‘ther extract, on the 
other hand, was digeated better by ruminants than by horses. 
This result, too, agrees with the conelusion drawn by the author 
in the investigation just inentioned. In feeds poor in (*mdc fiber 
the N-free extract was digested better by ruminants than by horses, 
but in feeds rich in eriide fiber the eontrary was the ease. The 
depressing effect of the erude fiber on the digestibility was more 
pronouneed in N^-free extract than in other luitrients. The erude 
fiber, laatly, was digested better by ruminants than by horses, 
partieiilarly in feeds rich in this substance. 


IV. The Ability of Swine to Di^^est the Feeds. 
Earlier Investigations, 

Kellnee et al. (1908) proved that swine digest the orgaiiic matter 
of cooked potatoes better than sheep, the mean digestion coeffici(Mits 
being 91.3 and 86.5. As to the organi(‘ matter of dried potatoes, 
the same authors (1908) found a eoefficient of 94.0 in swine, and f)f 
83.0 in sheep. This relation between the two species was confirmed 
by WoOBMAN et al. (1939, 1943); but the difference between the 
digestion coefficients was 10—11 units. In trials by Woiilbieh 
et al. (1936) the orgaiiii* matter of wood sugar was digested better 
by sheep than by swine. In trials by Kichter et al. (1938) tlu* coef- 
ficient of The organic niatter of sulphite yeast was 6L\5 in swine and 
64.5 in sheei>, but in trials by Kichter et al. (1913) the coefficients 
were 83.4 and 74.8. Woulbter et al. (1936) found a eoefficient of 
whale meal of 95.5 in swine, and 90.6 in sheep. Ac(‘ording to Schmidt 
et al. (1935), swine digest 75.1 % of the orgaiiic matter of sweet 
lupiiie seed, and shei^p 85.2 %. In this feed the erude fiber content- 
is high. As to ryc, and wheat, and their mill produ(*4s, IToncaimp 
et al. (1913) found that their digestibility in swim*. was as high as in 
sheep. In trials by Wkiser et al. (1905) the digestibility of sorghum 
grain was the same in swine as in ruminants, but liiglier than in 
liorses. The digestibility of oat mill feed, determiiKMl by Lathrop 
et al. (1938), was found to be lower in swine than in ruminants and 
horses. In trials by Lenkeit et al. (1940) swine digested 58.3 %^of 
the organic matter in oat shorts, and sheep 64.9 %. Of the organic 
matter of wheat gerin oil meal swine digested 89.5 %, and sheep 
94.8 %. As to pumkins with 13.7 % of erude fiber in the dry matter, 
Zaitshek (1906) found a low^er digestibility in swine than in cattle. 
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The same was the case with regard to lin seed caj)sule chaff in trials 
by Nehring et al. (1937), the coefficients of the organic matter being 
34.8 and 44.7. A mixture of this feed with molasses was digested 
uj) to 57.6 % and 64.8 % by the two species. In trials by Ringen 
(1939) the organic matter of seaweed meal was digested to 31—41 % 
by swine, but to 41—71 % by sheep. 

The anthor (Axelsson, 1941 a) groiiped all feeds having a known 
digestibility for swine aceording to their erude fiber e.ontent in the 
dry matter, and foiind the following regression equation: 

y -= 92.1i—1.68ir. 

As in the earlier equations, y expresses the digestion eoefficienf. 
of the organi(‘ matter, and x the erude fi])er <*.ontent of the dry mat¬ 
ter of the feeds. The equation shows that the digestion eoefficient/ 
of feeds defi<*ient or poor in erude fiber was higher in swine tlian in 
ruminants and horses. On the otlier hand, tln^ dex>ressing effeet of 
tlie (*rude fiber (*>ontent on the digestibility of the organic matt er 
was strong<‘r. Nearly tln» same result was obtairu^d by the present 
writer (Axelsson, 1941 c) in treating 395 ratioiis for swine, the 
regression equation being the following: 

y =- 92.8— 1.60 .r. 

The swiiK' digested protein, etlier extract, and ^-free extraet 
b(*tter than ruminants and horses but erude fiber poorer. 

The Present Tnvestigation. 

With r(‘gard to swine as well as to horses, tlie niiinber of feeds 
investigated is relatively small, and therefor(‘ all normal feeds were 
included, the number being 167. As to vsoim» feeds only one experi- 
merd had Immui carried out. 

Tn tabh‘ 13 are given the averag(\s and the standard devialions 
of the erude fiber eoiitent of the dry matter and of the digestion 
eoeffieieiit^ of the organic*. matter. 


Table 13. The Crude Fiber Conteni and the Digestibility of the 
Feeds in the SatnpJe of Siri ne. 



t 

Moann 

Standard 

deviations 

1 Crudo fit)er poivent of the dry matter. 

10.0 ±0.72 j 

».3±0..'-.l 

' Digestion eoeffieient of the organie matter. 

77.7+1.38 

17.8 + 0.98 


Only in a few experiments have coarse feeds been used in trials 
with swine, and thc^.refore the average of the erude fiber eontent of 
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the dry matter was lower than in the samples of ruininants and 
horses. On the other hand, the mean digestion coefficient was higher. 

The coefficient of the correlation between the crude fiber content 
of the dry rnatter and the digestion coefficient of the organic matter, 
and the equatioii of the regression of the digestion coefficient (y) 
on the cmde fiber content (or) were the followirig: 

Correlation coefficient: —0.838 ±0,0230 
Itegression equation: y = 93.7 — 1.600 x 

The valuea of the correlation and the regression coefficients are 
higher than the (*orresponding values of the samples of ruininants 
and horses. To test the significance of the difference between tln» 
regression coefficients of the samples of horses and swine, tlie suni 
of squares of errors of esiiniate from average regression within sain- 
ples has been compared with that from individual regressions within 
samples. The result is reeorded in table 14. 


Table 14. Analysis of Errors of Estimate from Average Regression 
within ialamples of Hor ses and Swine. 


Soiirce ot variation j 

1 

1 

Krror*^ t)f <*Mtiinnte 

^ jSiiTii ot Moim 
jsquun's ‘^quniv 

Dcviations from aveiage rogrossioii within sainplf»» . . 
j Doviations from individual regressions within sampleH. . 
Differonccs among sainplo regressions. 

:>4() i>04:io ' i 

245 2X595 117 ' 

l 1 S;i5 855** 

F -8:15 117 7.14 ! 


The F-value niay be regarded as fully significaiil, as il ristas abov(‘ 
the 1 % point, 6.75, and hence the coniparison shows llial an iucreas(*d 
(‘ontent of crude fiber in the dry matter of the feeds result(Ml in a 
stronger depression of tlie digestibilil y of the organic matter in swine 
than in horses. As the depression of the digest ibility caused by an 
inereased crude fiber content was stronger in horsiss than in riimi- 
nants, as shown above, the depression in swine W'as much stronger 
than in ruminants. 

As to swine, the regression equation — given above — shows 
that the organic matter in fec^ds, deficient or poor in crinle fiber, 
was digested better by tlnnn than by ruminants and horses. At 
7.7 % of crude fiber in the dry matter of the f(*eds the digestion of 
the organic inatter was, on an average, the sann» in ruminants and 
swine, and at a content of 15.8 % it was the same in horses and swine. 

The averages of the digestion coefficients of tlie various nutrients 
in the feeds, wheii grouped according to the crude fiber content 
of the dry matter, are given in table 15. 
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Crude fibor contont of the dry mattor of the feeds in % 



Tiu* connoftion hctwofii the eriuie fiber <*t>iit€‘iit of tlie tlry matter of the feecJs 
Hiul the digestion eo(*ffi(’ient of the orgaiue inatter m niiriiiiants, horses, and SN^iiie. 


Table 15. The Mvan Digvsfion <U}vjfivivntff oi ihv Kntrivnts in Ihv 
Varioas (rroups of Fveds for ^Sirinv. 


Criiilo tiluT, % 

Niimbf-r 
of tofds 

luotom 

DlJ^fStlOll lOUts ot 

otlior j X-frop cruiio 

oxtrart i <*xtrart tibi'r 

1 

.J 

or^rmu* 
mattor j 

I.S 

00 

77.5 

; 1 

i 50.8 i 

0 : 1.1 

45.8 

i 

» 0.3 i 

7.1 

42 

72.5 

40.8 1 

87.5 

44.0 

82.1 1 

1 12.7 

10 

7;ho 

60 4 i 

77.4 

:18.6 

72.4 

; 17.:i 

1:1 

5o.:i 

i 3<t.7 1 

76.5 

48.8 

1 68.1 'j 

I 2 : 1.5 

0 

51.2 

1 52 2 i 

71.2 

47.0 

1 62.0 1 

27.<i 

s 

1 60.2 

! 47.7 1 

55.5 

28.7 

1 48.;i ' 

1 ;i:i.i 1 

10 

; 45.0 

:io..i j 

54.5 

:i2.i 

1 46.0 


Th(*so valiK^s, if (*oTnj)aml ^roiip by f^roup witli those of runiiiiants 
in table 9, show t hat i)rotem and N-free extraet iii feeds defieient or 
poor in eriide fib(*r were digest-ed better by swiru* t han by rumi- 
nants. Jlowever, in swine, the digestion eoefficåent-s deeroased inore 
ra-pidly with an in(*reased crude fiber eontent t han in runiinants, 
and in feeds ricdi in crude fiber t hese substances were therefore 

7 - 48106 LdntbrukAhiHjskoInn^ Antuihr. Vol. 16. 
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digested best by ruminants. Ether extraet and crude fiber, on the 
other hand, were in all the gronps digested best by ruminants. 

By eomparing the averages of table 15 with those of table 12, 
it seems that protein was digested better by horses than by swine. 
Ooncerning ether extraet, the digestibility was aboiit the same in 
the two speeies. As to the N-free extrad, swine were superior to 
horses. On tlie other hand, horses were superior to swine in dige- 
sting t-he (*rude fiber. 


Siimmary. 

The ability to digest the nutrients of th(* feeds has been investigated 
in eattle, sheep, horses, and swine. In a e.omparison of samples of 
the same feeds for eattle and sheep the differenee between tlu» two 
speeies w^as insignifieant. h^urther, in a, eomi)ariBon of samples of 
all feeds of at least 5 digestion trials for eattle and sheep tln» dif¬ 
ferenee was insignifi(*ant, too. As these resiilts agree with thos(* in 
earlier investigations, eattle and sheep may be regarded as having 
the same ability to digest the nutrients of tln^ feeds. The depressing 
effeet on the digestibility of the nutrients eaused by an inereas(‘ of 
crude fiber content in the dry matt er of the f(‘eds sc^ems to Ix» the 
same in the two speeies. 

As to ruminants, horses, and swine, the following equations of 
the regression of the digestion coeffident of tlie organie. niatler 
(y) on the crude fiber percent of the dry mat t er (,r) in the feeds 
wTre obtained. 

Kuminants y — 87.8 — 0.83 .r 
Horses y — 88.2 1.25 x 

Swine y — 93.7 —1.00 x 

In the figure these regression equations are graphi(*ally r(q>re- 
sent ed. In feeds defieient or poor in crude filxT swine digest i)rotein 
and N-free extraet better than ruminants. Horses ari* superior to 
ruminants and swine in the digestion of protein. Ether extraet 
and crude fiber, on the other hand, are digested Ix^st by ruminants. 
This, too, is the ease with N-free extraet in (*oarse feeds. 
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Introduetion. 

1 n 11i(* w iii1(*r rations of the dairy (*ows, in reeent years, the amoiints 
of liay and AlV-sila^e liave been inereased, and the amounts of 
(•oneen1rat(‘S dcMTeased. As Ihe ])hosphorns eontent of the dry inatter 
is niii(*h Iow(‘r in eoarse fe(*ds than in eoneentrates addintr in(‘reaKin^f 
ainoonts of mineral ])hosphates to th(‘ rations has been neeessary. 
How(*ver, vievNS varv as lo tlie influence of ^reat amounts of these 
phosphates on tln» metabolism of cows. In the first ])la<*e this is 
the cas<‘ as to t In* influen(‘(* on the vvater eontent of tln^ fe(*es. Thus, 
(»ften ('omnmn disodinm ])hosphate, when more than lOO—ir)H ^ 
an* fed ]>(*r c(nv daily, is said to eause a liij>:]i water eontent in llie 
f(‘ees, \vhieh should therefore be of a soft eonsisten(*y as if diarrliea 
were <h*velop(Ml. On tlu* uther hand, monosodium jihospliate is 
said to juive drier feees. Ileiiet*, the purpose of the (»xperiments was, 
alxne all, to study tln* influence of the difbuvnt kinds of pliospliates 
on tlu* eonsist<‘ney of tln* feees of dairy (*oms. 

Mor(*ov(‘r, as ATV-sila^(* is a physiolo^^ieally aeid feed, eal(*ium 
(*arbonat(* is oft(*n in praetiee added to the rations in ord(‘r to neiitra- 
lize the silajit*. ITowever, in spite of tids supplement, some farmers 
have tToubh* with tln* cows, when AJV-sila^e is fed. In the experi- 
m(‘nts, therefore, also the effeet of mineral salts, espeeially t hat of 
(‘al(‘ium (*arbonat(‘, on the nature of the urim^ of tln* cows was to 
b(* studi«*d. 

Lastly, a(*(*ordin<; to MoLLOWnn et al. (1941), a supplement of 
eal(*ium or sodium earbonati» should deereasc* the (lijLrestihility of 
t he or^anic* matter of the rations. To investifrate this problem more 
thorou^bly di^^estion trials were earried out with weth(*rs. 
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The Procedure of the Experiments. 

The experiments with dairy cows were carried ont in the wiiiters 
of 1944—45, 1945—46, 1946—47, and 1947—48 at the College Fann 
of Ultuna. Each winter 24 high niilking cows of öwedish Red and 
White Oattle were divided into 2 —4 lots and kept on the same 
rations. In general, 6—8 kg of field dried hay, maiiily of clover and 
grass, were given to ea(*h eow daily. In the first j)art of the experi¬ 
ments mangels, or rutabagas, were fed to an amount of 15—17 kg 
per cow daily. Besides, the same amount of AlV-silage was fed. 
In the last part of the experiments the roots were excluinged for 
silage, the amount of this feed then being inereased to 20—25 kg 
per cow daily. The silage was made of young clover-grass mixture, 
the pll-value being generally 3.9—4.1. The rations w^ere balaiKM^d 
by (‘oncentrates, mainly grain, the amounts varying between 5 and 
8 kg per cow daily. The standards of energy, digestible prottdn and 
crude fiber were the same as in other herds on a high intensity of 
feeding. Thus the cows were kept on a high level of nutrition diiring 
the winters. 

Different kinds and amounts of mineral salts were added to tlie 
rations of the lots. Thus, four kinds of pliosphates were fed: commoii 
disodium phosphate, dried disodium phosphate, moiiosodium phos- 
phate, and dicalciuni phosphate. Common disodium phosphate (Xag- 
IIPO 4 -f 12 IlgO) generally contains 8.7% of phosphorus, but the 
content increases, if the phosphate is stored in dry air. In dried 
disodium phosphate (Na 2 lIP 04 [ 2 HgO) the ])hospliorus (‘onlent is 
in general 17.5 %. As the water content is low, it feels dry, and lias 
a porous structure. Uowever, it has a (jorrosive charact(*r, and 
theretore it is best to sprinkle it, when added to the rations, on wcl 
fodder, such as silagc. These two pliosphates iiave a pll-valin» of 
8.5—8.7. Moiiosodium phosphate (]^aH 2 P() 4+2 lloO) lias a phos¬ 
phorus content of generally 19.8 %, and a fine crystalliiH» strii(*t ure. 
VVhen stored in dry air, the phosphorus cont(»nt (*an incrt»ase to a bon t 
22 %. The pTT-value is 5,0—5.5. Dicalciuni ])]iosphate ((^allPO^) 
is a fine mealy jiowder with a phos])horu 8 content of aboul 18.0 "o, 
and a (»alcium content of about 23.3 %. The ])ll-\alue is about Iht* 
same as that of monosodium pliosphate. 

As to ( alcium carbonate, ground liniestone was us(‘d. The ( onteiit 
of CaCOa was about 98 %, and the content of Ca about 39 

In the course of the experiments, samples of fec(*s and uri ne wert* 
collected twice weekly for analysis. A special test induding 8 eows 
showed that the })ll-value of the urine did not vary in the course of 
the day. So the urine was collected only onci». daily, in the beginning 
of the evening. 

The digestioii trials were carried’out in 1942 with wetln‘rs of Sw^ed- 
ish Land Breed. In tlie first jiart of each trial the wethers w^en» kept 
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on a basal ration of hay and ground grairi. The experimental fe(‘d 
'was AlV-silage. In ea(‘h trial the digestion ('.oeffiolents were oal- 
oiilated by differenoe in the usual mariner. 


The Influence of Phosphates on the Consistency 
of the Feces. 

Tliis inflnenoe was investigated in the experiments in the winters 
of 1944—45 and 1945—40. In the first exiieriment the cows were 
divided into 3 lots, eaeh with 8 eows. As the experiment was carried 
ont at the end of the winter, the roots liad already beeri exehangcMl 
for AlV-silage. Tlie arnounts of pliosphorus in the phosphates, 
added to tlie daily rations, ar<^ given in table 1 together witli tlie dry 
inatter (‘ont-ent of the feoes. 


Table 1. The Amount of FhoaplioruH and the Ihy AI ätter Contcnt 
of the Feees of the Loin in the Experiment in the Winter of 1944 — 


IViKxl 

IMioHphoruK 

ill 

g eow 

dailv 

" 

iViceiita^i’ 

t)i dry mattur 

ij) llie jece« 

lut 1 

< uminoii 

iti.su<lniru 

j)l»os])lmt(‘ 

lut 2 
rJriod 
fil^>0(UuIll 
|)lu>sj)haO* 

lot 3 

' inouoHodium 

J }>hosj)hato 

1 

i J (] woek). 

0 

1,>.4 

J4.4 

1 1-7.9 ; 

i i-M »> ) . 

1 13 

10.2 

15.4 

1 10.4 i 

•■' ( » ) . 

17 

10.2 

15.0 

; 15.3 : 

j -t ( » ) . 

-1 

lu.S 

; 15.4 

! 14.3 

' r. ( .. ) ... 


1 l.S 

14.1 

13.4 


Ac(a)rdiiig to this table, tlie amount of pliosphorus in tlie added 
phospliat(‘s was iij<*n*ased up to LM g. In lot l the amount of oom- 
mon disodiiim ])hosphat<‘ in ]M*riod 5 was 300 g jier eow daily. Tn 
])eriod 1, before ])hos])lia1(*H were addeil, the dry matter eoutent. of 
the feees vari(‘d betv><*en 14.4 and 15.9. In the. followdng }>eriods, 
wlicm inereasing amounts of phosphates >\en‘ added to the rations, 
th(* dry mat t er eont imt- was uiiehanged, until in period 5, when there 
was a tendeney to a deer<‘ase of the eoutent. Tlowever, this tendeney 
s(H‘med to la* a result of the ])oor qiiality of the silage at tliat tinie. 
The eommoii disoilium phosphate did not eause a lovver dry niatter 
eoutent of the feees than the other phosphates. 

Tn Uw experiment in the winter of 1945—40 the eows were divided 
into 4 lots, eaeh with 0 eows. In order to g(‘t more reliable result 
than in the first (*xperinu‘nt the eonsisteney of the feees was judged 
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directly, the following scale being followed: 1 — very soft, 2 — soft, 
3 — nearly normal, 4 — normal, 5 — somewhat more solid than 
normal, and 6 — solid. The amount of phosphorus per cow daily 
as well as the poiiits of the feces in the course of the experiment 
are given in table 2. 


Table 2. The Amount of Phosphorus and the Consisteney of the 
Feces of the Lots of the Experiment m the Winter of 1945 — 46, 



Daily per cow 

The conHinteinjy of 

the fec<38 in points 

AIV- 

kfi 

phoaphoriLs 
in phoH- 
phates, 

K 

lot 1 [ 

ct>mnion 

<lisodiiim 
pliosphatc i 

lot 2 
<lru'(l 
chsodnim 
phosi)hatc 

lol 3 1 1 , . 

lot 4 

mono- 1 . , 

, ; dicalcuan 

.sodium 1 , , ^ 

, , , , phoMpliate 

phosphatc ! ‘ 

1 (2 werks) j 

15—17 

17.0 

3.5 

4.2 

3.8 3.7 

-» ( » )| 

» { 

25.5 

3.7 

4.2 

! 3.9 3.0 

3 a ( (i weoks) j 

» [ 

35.0 

.3.2 

3.0 1 

3.5 3.4 

1 3 b (10 cJayH) ! 

20—25 ' 

35.0 

3.5 

3.5 i 

i 3.5 3.7 

j 3 c ( 5 wcokfi) 1 

» ' 

.35.0 

3.0 

3.8 1 

3.5 4.0 


The table shows that in the first period of the (‘xp(»rinu*iit t In* 
eonsisteney of the feees was about the normal in all the lots. In 
])eriod 2 the eonsisteney reniained nnehanged, though the amount s 
of the phosjdiates w(‘re inereased. The relatively soft eonsisteney 
of the fe(*es in period 3 a probably was a resnit td‘ tln^ poor ([uality 
of the rntabagas at that tirne, and not of the in(*reased amount.s of 
phospliates. lii period 3 b th<‘ rutabagas wer(‘ (‘xehanged for AJV- 
silage, aml as a result theri^ was a temhuiey t.owards a normal eon- 
sisten('y of the fe(*es, thongh the amoiints of tlu^ ])hosphat(‘s w(‘re 
umdianged. In this ])eriod the eonsisteney was about the same as 
in periods 1 and 2. Thus, in lot 1, of (*ommoii disodium i)hosp}iate 
412 g were given per eow daily without an unfavourable effeet un 
the eonsisteney of the feees. 

Of the two experiments, therefore, the eonelusion may b(* drawn 
that, when added to rations of high milkiiig eows, th(‘ infliKuiec* of 
the phospliates on the eonsisteney of the fee(‘s is so slight, that it. 
is diffieult to prove in praetice. Thus, the influenee of the (pialit iivs 
of sueh feeds as roots and silage is imieh more ])ronouije>ed than that 
of the phospliates. Consequently, iniieh gnniter amoiints of the 
lihosiihates ean be fed than those earli(‘r r(H‘ommended. Further, 
differenees between the various kinds of phospliates did not appear. 
Also eommon disodium ])hosphate, thongh its wati^r eontent^ is 
high, ean therefore be added in amoiints of at least 300—100 g per 
eow daily for a long ti me without a notie.eable effeet on the eon¬ 
sisteney of the fee-es. 
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The Influence of Mineral Salts on the Urine. 

Acoording to several autliors, such as Broitwer (1935), Axelsson 
(1935), and others, the urine ean be used for a determination of 
the effect in the body of mineral supplements to AlV-silage. As 
it is possible that the feedin^ of great amounts of phosphorus to 
eows disturbs the aeid-base equilibrium, as aeid substances may be 
formed in the body, it may also be possible* for such amounts to 
inerease* the acid (‘ffeet of the AlV-sihige* in the rations, espeeåally 
in hij^hmilkin^ eows. To investij^ate this problem the pH-value 
of the urine was determined iii Ihe experiments in the wiriters of 
1945—16, 1946—47, and 1947—48. Further, the ainount of earbon 
dioxid(* of the carbonates of the urine vas defermined in the winter 
of 1945—46. 

The pll-Value o/ the Urine, The result of the experiment in the 
winter of 1945—46 is ^iven in table 3. 


Tahh* 3. The Amount o/ PhosphorHs and the pTT-Value of ihe Urine 
in the Experiment in the Winter of im/i —46*. 
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__ 
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0.1 
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7.H 

7 S 

7.3 
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Th(* table shows tliat Ihe determination of the pTT-valne of the 
urine vas be^iiiniim' in period 3 when tlie amouiit of ])hosphorus 
in the p}ios{)liat(*s liad be(*u inerease<l to 35 o daily. In the first 
])art of this j)(*riod, 3 a. t*nil>raein,ii* 6 weeks, tlie pll-value was lii^h 
(8.1—8.3) in all the lots. Only a small variation from one day to 
aiiother vas at. liand. In the bdlovvin^’ part of the jieidod the amount 
of silairi* was inereas(*d. This ehaii^ce of the ration caused a sharp 
deereast* of tia* ])Il-value to 5.5—6.7, but in the followin^ days it 
iiiereased slovly thouj^di it varied from <lay to day, as is shown in 
the fi^im* on pa^a* 109. In tlu* next part of the period, 3 e, the pll- 
value v iis hi^lier t han in period 3 b, thouKh it was lower t han in 
period 3 a, as the tabh* shows. Furtln*r, the variation from one 
day to another was ^,m*at(*r, probably beeause of the varyin^ acidity 
of the silade. 
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Duriiijgf soine days the iirine showed an acid reaction. However 
durin^ the whole part of the period, the uriiie in all the lots, on 
an averafje, had an alkaline reaction. It is of interest that the alka- 
line disodium phosphate caused a higher pH-value than the two acid 
phosphates. 

In the winter of 1946—47 the cows were divided into two lots, 
each with 12 cows. In the lots common disodium phosphate and 
dicalciurn phosphate were added. The amounts of phosphorus and 
the pH-value of the uriiie are given in table 4. 


Table 4. The Amount of Phosphorus and the pH^Value of the Urine 
in the Experiment in the Winter of 1946 — 47, 


Daily por cou Tlio pH-valuo of llu* urino 


l*eriod 

AlV- 

Htla^u, 

kK 

]ihoMphonis 
ill ])lKis|>h»itt\s. 

ii 

lot 1 

coinnuni 

clisuiiiuin 

phosphate 

lot 2 
dKulcmin 
])lios|)liati' 

1 ( 2 wooks). 

15—17 


8.3 

8.3 

2 ( -> ). 

» 

17 

8.2 

8.4 

3 ( » ). 

» 

26 

8.2 

8.4 1 

4 a ( 5 wocke). 

)V 

35 

7.5 

7.1 1 

4 b (10 days). 

20 -25 

35 

7.0 

6.0 1 

4 c ( 6 weeks). 

» 

35 

8.2 

8.0 1 


The table shows that-, in both lots, the pH-value of the urine 
dropjied, when the amount of phosphorus from the ph()S])hat(‘S was 
inereased from 26 to 35 g per cow <laily. I^robably, this deereasi» 
was caused by the acid eharacter of tlie silage in this i>eriod of 
time, as it did not ajipear iii the winter of 1945—16. Thus, in this 
part of the period, the pH-value of the silage was only 3.76. \\ heii 
the amount of silage was inereased, as w as the e.ase in p^nnod 4 b. 
the pll-value dropped further, a value of 5.8 being a t- liand a t the 
next deterinination. Then it inereased again, and ther(*for(^ tln* 
averages of the 10 days were 7.0 and 6.9, as the table sliows. In 
the following part of the experiment, period 4 c, the pir-\alu(^ was 
nearly as high as in periods 1—3. As in tln^ winter of 1945—46 
the disodium jdiospliate gave a higher pH-value than diealeium 
phosphate, thoiigh tlie difference W'as v(‘ry small. 

In the experiment in the winter of 1947—48 the eows wure divided 
into 3 lots, 8 eows in each. In lots 1 and 2 the same amounts of 
disodium phosphate were added to the ratioiis. Besides the x>kos- 
phate, in lot 2, 4 g of ealcium eurbonate were added to each kg of 
the AlV-silage. The amount of phosphorus in the added i)hosphates 
and the pll-value of the urine are reeorded in table 5. 
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Table 5. The Amount of Phosphorns and the pH-Valne of the Urine 
in the Experiment in the Winter of 1947 — 48. 


IVriocl 

iJaily 1 

A IV- 

u. 

»er cow 

|>h<»Hj»horuK 
m })hoH. 

K 

The pU 

lot 1 

cominoii 

diHodium 

pliosphate 

[-value of th 

lot 2 

comrnou 

diHodium 
phoHpfiate 
"f ealeinin 
carbonatt* 

‘ uriue 

l(»t 3 
dicalciurn 
jjhoHphate 

1 ( 2 weekw) .... 

ir> ~I7 

j 

S.O 

8.0 

8.0 

2 ( » ) . . . . 

» 


S.l 

S.O 

7.0 

3 a ( a woekft) .... 

» 

i 35 

S.O 

! S.O 

S.O 

3 b (10 dayH). 

20-25 

j 35 

7.7 

7.S 

! 7.7 j 

3 r ( 3 wookw) .... 

» 

35 

7.0 

7.S 1 

1 7.4 i 


A(*(*()r(liTif:: to tliis table, the pH-value of the urine in the 3 lots 
was normal in the first part of the experiment. As in the earlier 
<*xperiinents tbe in(‘r<*ased amount of AlV-sila^^e, in period 3 b, 
<*auHed a dectrease of the plf-value in all th<‘ lots, thon^^h only to a 
r(dativ(dy small In this winter, tlu* average pll-value did 

not iiKirease in period 3 c because of the low^ pH-valiie, 3.1, of the 
silade in the. last days of this period. 

Of a sjjeeial interest is that, in lot 2, the added ealeium earbonate 
did not inerease the pll-valne of the urine when tln^ smaller amount 
of AlY-sihif^e was fed. Thus, in this time, the avera^e was the same 
in the lots 1 and 2. On the other hand, when the ^jreater amount of 
AlV^-sihif^e was bnl, tlie earbonate iruTeased the pll-value, thoii^h 
only to a relatmdy small dep‘ee. Thus, in 15 determinations the 
avera^^t* was 7.t)3 in lot 1 and 7.81 in lot 2, and the differenee 0.18 j_ 
0.053. As the t-value was 3.41, the differenee was fully signifieant. 
The added <*aleium earbonate in lot. 2, therefore, had a positive (‘ffe(*t 
on th(» ]>ll-value of the urine when the ^reater amount of AlV- 
sihme w^as fed. 

A eoin])aris<)n of lots 2 and 3 shows that the pTI-value of the urine 
was t he sann» w hen the smaller amount of AlV-sila^e w^as fed. Thus, 
on an avera^e, the value was 8.04 in both the lots. However, when 
the jrreater amount (»f AlV-sila^e was fed, th(‘ 15 determinations 
^ave an avera^t*. pll-value of 7.81 in lot 2, and of 7.43 in lot 3. The 
differcuiee wa.8 0.38 ?_ 0.138, and the t-value 2.75, w hieh lies between 
the 1 % and the 2 points of probability. Henee the eombination 
of disodium phosphate and (‘aleiiim earbonate resulted in a num» 
alkalim^ uriiu^ than diealeium phosphate, thou^rh the ainounts of 
<‘al(*ium and })hosphorus wwe about the same in the two eases. 

The Amount of Varhon IHoAde of the Urine, In table 0 are ^dven the 
averaiies of this amount in the experiment in the winter of 1915—10. 
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Table 6. The Average Ämount of ÖO^ of the TJrine in the Experi¬ 
ment in the Winter of 1945 — 46, 


Por i 0(1 

Daily j)or ftow 

OOg in mg por g of nrino 

AIV. 

Hilajjp, 

phoHphoruH 
in phos- 
phatea, 

P 

lot 1 

oommon 

diHodium 

phosphate 

lot 2 
dried 
diHodium 
pliospliato 

lot 3 

mono- 

sodium 

pliosphato 

lot 4 
dicalcium 
plioHphato 

1 (2weekH)! 15—17 

17 


_ 


_ 

2 ( -> ) 

» 

20 

— 


1 

- 

3 a ( S weeks) 

» 

35 

5.79 

5.70 

4.53 

3.93 

3 b (10 days) 

20~-l»5 

i 35 

0.28 

0.09 

0.25 

0.10 

3 c { 5 woeks) 

» 

35 

1.57 

1.23 

1 0.82 

0.77 


A(*(*ordinff to thia table, in period 3 a, the ainount of was 
3.93—5.79 mtj: per ^ of nrine when the smaller ainouiit of the sila^^t^ 
was f(‘d. After ehaiigin^ to the ^reater amoiint of the silatre the 
(^>2 arnount deereased sharply, only 0.09—0.28 m^ b(‘ing al hand. 
In the last i)art. of the period, 3 e, the amoiiiit< iri(*r(*ased to 0.77— 
1.57 m^r. A eomparison of thia table with table 3 shows a jrood 
a.^reement between the pll-valii(\s and th(‘ ainoiints of in tlH‘ 
urine. Thus, low pH-values were aeeompanied by low amoiints of 
rOa in the iiriins and vi<‘e versa. 


The Intluence of Mineral Salts on the Lahility 
of the Cows. 

As was shown above, the pH-value of the iirint‘ (lrop])e(l sharj)ly 
when the amonnt of silatre in the rations was inereased, as was tlu» 
case in the middle of eaeh experiment. This sho(*k effeet of 1h(‘ ATV- 
sila^re has beeii shown earlier by Zorn et al. (19-11), who ealled i1 
»Stosswirkun^». In the followinjr <hiys the pH-valiie iiuTeased 
sueeessively, thoujrh the earlier vaiue was not tully reaelied. As 
lon^r as the jrn^i^ter amourit of AIV-sila»*e was fed, tlu» pll-valu(‘ 
showed a ^rrf^ater variation than earlier. 

To illustrate this eireumstan(*e the pll-value of the urine in tln^ 
exi)eriment of 1945—40 is ^ri*aphi(*.ally repr(*sent(‘d in the fi^tin* on 
pa^Tf" 109. Jn the first j)art of the experiment-, (*orr(\spondin^ to ])eriod 
3 a in tables 3 and 0, the smaller amount of ATV-silajre was fed, and 
35 ^ of ])hosi)horus from the piios])hates were a-dd(‘(l to tlie ration. 
Jn this period, as the fi^rure shows, the pH-vaiue was fairly (‘onstant 
from one determination to another. Furtln^r, the avcTajres of the 4 
lots of cows were aboiit the same. 

On Ai)ril 1st, the amount of ATV-sila-^ro had inereased from about 
16 to about 25 k^ i)er (*ow daily. In the next determination on 








The pH-value of the urine 
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Experimentai time. 

1 Mar. 11 Mar. 21 Mar. 31 Mar. 10 Apr. 20 Apr. 30 Apr. 10 Ma> 20 May 



The pH-valu(* uf the urino m the 4 lots of cows in thi' (‘\pcrimeiit in the winter 
of 194/)—4<J graphieally represented. In this parf of the experiment the amount 
of phosphoruH in the added phosphates was 1)5 g por c*ov\ daily. 


April 8r(l, llie })H*valii(s in all the lois, had on an averag:e (lr()pi)e(] 
from 8.0 lo 0.5. Ju tlie nexi two (k‘t<*nninations the avcTage pH- 
value was 0.4 and 0.3, bui tho variation from one lot to anotlier 
was v(*ry ^Toat. After aboiit 10 days the pll-value be^an to incr(‘as(*, 
and on April 12tli an avorage of 7.2 was r(‘aclied. Tu the rest of the 
l)eriod tlu» av(‘rag’e j)ll-valn(* of all the lots varied betvveen 0.5 and 
8.5. The av(‘rag’e value of tlie varions lots varied from 5.8 to 8.8, 
Thiis in some parts of tlie ])eriod, the reaetion of the urine was aeid. 

Furthei’, tbc* figure shows that in a number of determinatioiis the 
pll-value of the urine was highest in lots 1 and 2, beeause disodium 
j)li()S])hate was added to the rations in these lots, an effeet of the 
alkaline reaetion of t his phos])hate thus bein<^ at hand. Further, 
the variation of the plJ-value from one determination to another 
was smalh‘r in these lots than in the two other. 

Jn the experiments in the wtnter of llUli—17 the pH-value in 
the two lots bepm to drop even at the end of period 4 a, as was 
showui abo ve aeeordinfr to table 4. The dro]) eontinued, when the 
amount of silage w^a.s iiuTc^ased, and in two weeks the reaetion of 
the urine w^as aeid in both the lois. In the rest of the period the 
reaetion was alkaline, but the variation of the pH-value was great, 
though smaller than in the wint.er of 1945—4(1. The pH-value w\as 
slightly higher in lot 1 than in lot 2, and therefore an effeet of the 
alkaline* reaetion of the elisodiuin phosphate appeared in t his wtnter 
too. 
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In tho winter of 1947—48 the drop of the pH-value of the urinen 
wlien the amount of ATV-sila^?e was iricreased, was smaller than 
in the previoiis winters, probably because of the hi^^h pH-value of 
the silage, this being 4.0—4.1. Further, for the same reason, the 
variation of the valiie was smaller than in the earlier cxx)<*riments. 
However, in the last 10 days of the exp(‘riment, silage from the 
bottom of the silo was fed, and as the pH-value in this silage was 
oiily 3.1, tlie ])H“vallie of the urine dropped sharply, at the sarne 
lime as its variation increased. As the droj) w^as greatest in lot 3 
(di(^alciiun xdiospliate) and least in lot 2 (disodiiim ph osph ate-feal- 
eJum (»arbonate), an infhienee of the mineral salts ajipeared. 

In tlie x>art of the exx^eriment when only tlie smaller amount of 
AlV-silage was fed, the variation of the x>H-value of the urine w^as 
the saiiK» in the 3 lots. Thiis, the standard deviation was 0.109 in 
lot 1, 0.107 in lot 2, and O.lll in lot 3. ()n the other hand, in the 
part of the experiment when the greatin* amount of AlV-silage 
was fed, the standard deviation of the 15 determinations was 0.352 
in lot 1, 0.185 in lot 2, and 0.646 in lot 3, the differenee betwTen 
lots 1 and 2 being 0.167 ± 0.0725 and that between lots 2 and 3 
0.461 ± 0.1228. As the t-values were 2.30 and 3.75, it has been 
shown that an exehange of dicaldum x>hosphate for disodium x>hos- 
Xihate -I ealeium earbonate decreases the lability of the (*()W’^s whcm 
a great amount of AlV-silage is fed. J^robably, however, this is the 
case, too, when ealeium earbonate is addcMl to the disodium x)ho- 
sphate. In both cases, as was shown above, the x)il-value inereases. 

The effeet of the ealeium earbonate added to the^ rations in the 
experiments agrees with that obtained in trials by Brottweb (1935). 
Thus, adding 100—200 g of this earbonate inen*ased tln* pTl-value 
of the urine, though in a smaller degree than would be exxieeted 
from a thiMiretieal viewpoint. Sodium biearbonati* was more effeetive 
than ealeium earbonati* in the neutralization of the a(*id snbstanees 
of the AlV-silage. Some authors, as Kottknstex (1937), therefore 
reeommend a rnixture of the tw^o (»arbonates when great amounts 
of AlV-silage are fed. 


The Influence of Added Calcium Carbonate on the 
Digeslibility of the AlV-silage. 

As was mentioned above, according to Molloaard et al. (1941), 
adding carbonates to the rations should decrease tln» digestibilit.y 
of the organic matter of the AlV-silage. The result was obtained 
in metabolic experiments with cows. The dexiression of the digestion 
eoeffieient was inereased when the amount of carbonates was in- 
(»reased. The greatest amount decreased the eoeffieient with 15.2 
percentage units. 
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To investif^ate this problem more thoroughly two diKeslion trials 
with wethers werc earried out in 1942. In the first trial two wethers 
were iised, bat in the second only one. Tlie basal ration was 200 
of hay and 200 g of gronnd #^ain in the first trial, and 150 g of hay 
and 150 g of ^yround ^rain in the se(H)nd trial. In the first trial the 
ex 2 )eriinental feed was 1400 g of one kind of AlV-sila/^e, and in the 
seeond 2 000 g of anotln^r kind. In both (»ases the silade was made 
of elover-^rass mixtures. In the first part of the first trial 7 g of 
ealeium (‘.arbonate W(*re added to the ration of one of the wethers, 
but nothinjjf to that of the other. In the seeond part of this trial 
the ratious wc^e exehanKed ,an iiifhienee of the individiiality of the 
weth(*rs on the di^estibility thus bein^ eliniinated. The seeond 
trial embra(*ed two periods, one with and one without earbonate 
added. In the first trial the dry matter of tlie sila|?(*. eonlained 17.7 % 
of protein, 4.5 % of etlier extraet, 37.0 % of N-fiee extraet, 20.4 
of erude fiber, and 14.4 % of ash. In the seeond trial the dry matter 
of tln» silajj^e, (‘ontained 25.2 % of ])rotein, 4.1 % of ether extraet, 
33.3 ''o of N-fr(‘(» extraet, 23.8 % of erude fiber, and 13.6 % of ash. 
Also in other res])eets was the quality of the silaj^e hi^li. Tln» di^(‘stion 
eoeffideuts of the sihi^i» of the trials are in tabh» 7. 


Table 7. 7'hr JHgestion CoeffiHents oj the l^iitrients of the Silagen 
of the Trialn in J942. 


i 



The digestion co< 

‘flicient 




orguiijc 

criido 

eilutr 

N-frcc ; 

erude 



mattor 

jtrotcHi 

extruet 

extraet 1 

1 

tibcr 

Tlui first trial: 


' 





1 carbonato nddod 







i w<*th(‘r A . . . . 


0(1.5 

74.1 

50.4 

70.9 ; 

57.0 

! » ij . . . . 


05.3 

08.1 

04.4 

08.2 ! 

59,5 

1 

A\ orapo 

05.1) 

71.1 

(>0.4 

09.0 

58.3 , 

withcmt carbonato 

1 

j 





1 

1 

wctbor A. 


05.0 

75.8 

71.5 

03.7 1 

00.2 

H . . . 

. i 

02 4 

07.4 

58.S 

05.7 ! 

54.9 1 


Avcragc 

04 O 

71.0 

05 2 

' 04.7 j 

1 

57.0 

Tbo socond tiial: 





1 

1 


carbonato added. 

wothor A . . 

00. S 

80.0 

53.4 

72.5 1 

40.8 

without carbonato 


07.1 

1 80.3 

58.0 

1 09.9 1 

51.0 


Th<^ table sliows that the di^(‘Stioii eoeffieieiits in the two trials 
wen» fully independent of thc^ neutralization of the sila;?e. This 
was the (*,ase with eaeh of the mitrients as wndl with the orpinic* inat- 
t.er as a wliole. This result a^^rees with that obtained by Forbes 
et al. (1943) in experiments with steers, winm (*aleium (»arbonate 
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was added to phosphoric acid silage of alfalfa. Further, the result 
agrees with that obtained by Dijkstra (1943) with wethers, when 
sodium bicarbonate was added to mineral aeid silage. Therefore, 
it is establislied that, in ruminants, the neutralization of the AIV- 
silage with earbonates does not depress the digestibility of the 
nutrients. 

Some Practical Consequences of the Results. 

As great aniounts of mineral phosphates can, without disastrous 
effects, be added to the rations of high niilking cows — as the ex¬ 
periments show — it is possible in this way to supply a defieieney 
of phosphorus in the rations, should this be as great as 35 g j)er (*ow 
daily. As common disodinm phosphate, in spite of its higli water 
eontent, does not give a softer eonsistern y of the feees than other 
phosphates, it can be widely used in pradiee. This eirciimstanee 
is important as the phosphorus per unit is generally ndaiively (*heap 
in this phosphate. 

Further, it is of practi(*al importaiu*e that. the disodiuin phosphate* 
luis an alkaline influenee on the metabolism of tlu* bodies of eows. 
Especially when great amounts of AlV-silage an* fed, this eff(*et 
rnay be taken into a(*count, as in such cases the reaet ion of the uriiie 
has a tendeiicy to be aeid. 

Besides, calcium carbonate can be added to the disodiuin phosjihatc* 
in the rations, as it shows a tendeney to iiuTease tln* ])ir-value of 
the urine. Thus disodiuin phosphate -f eal(‘iinn (*arbonate r(*sult in 
a more alkaline urine than diealcium phosphate, when the same 
ac('.ounts of calcium and phosphorus are included. Moreover, this 
inixture deereases the variation of the pH-value of the urine, the 
metabolism of the eows being stabilized on the high(‘r I(*vel of al- 
kalinity. It is therefore important that tln* calcium earbonat<* siipj)- 
lement should not influenee the digestibility of the organi(*> mat t er 
of the rations. 


Summary. 

The experiments show that high milking cows (*an stand great 
amounts of phosphates in their rations. For a long period of tiiin* 
35 g of ])hosphorus were given per cow daily in c.ommon disodium 
phosphate, in dried disodium phosphate, in monosodium phosphate, 
and in diealcium phosphate, without there being any disastrous 
effe('t. Thus, neither the consistency of the feees nor the pH-value 
of the urine were influenc-ed by the phosphates. 

In rations ineluding great amounts of AlV-silage, disodium 
phosphate caused a more alkaline urine than other phosphat(‘s. 
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owing to its higher pU-value. A Hupplement of calcium (‘.arbonate 
to such rations increased the pTI-value of the urine, too. A com- 
biiiation of disodiuin phosphate and calcium carbonate, therefore, 
^ave a more alkaline urine than dicalcium phosphate, though the 
same amounts of cahdum and phosphorus wcre included in both 
cases. At the same time the variation of the pH-value of the urine 
was decreased. Tn trials with wethers the cal(*ium carbonate supple¬ 
ment to the AlV-silage did not influen(*.e the digestibility of the 
niitrients of the silage. 
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Studies with Radioactive Phosphorus on the Influ- 
ence of Vitamin D on Phosphorus Metabolism in 

Young Pigs. 

Hy SAM. NORDFELDT. 

From the Animal Research Station oj the RoyaJ Agrienitural College oj Streden. 


Inlroduclion. 

Bifferpnt views liiivc been expressed th(‘ infliK^nee of 

vitamin D on the metabolism of idiosphorus in tlie animal body. 
Tims Mölloaard (1941) stated that diseases sneh as Tetany, Kiekcds 
{ind others are not caiised by laek of vitamin 1) biit by hiek of (^t 
and P. Mayxaiid (1947), on the other hand, points ont that there is 
no doubt that vitamin J) is always nec<‘essary for th(» ealeifi(*ation 
of growin^? bone, but the amount needed varic^s with the Vii/V ratio 
of the feed and the nature of the speeies. Tlie diff<*rences of opinion 
re^rarding the effeet of vitamin 1) apitear to (iepend to a great exl(*nt 
on the fact tliat different speeies of animals hav(^ betai used in tlie 
different exx^eriments. It is well known, for exani[)le, that ehieJvs 
are nmch more resxmnsive to laek of vitamin 1) than ar(‘ rats. 

Different opinions exist also regarding the way in wliieli vitamin 
T) aets in the iiroecss of ealcifi<*ation in the skeleton. Psually, it is 
stated that vitamin I) eauses an inereased absorption of (^a from the 
digestive traet and that it increases the exc retion of P in tiie iirin(\ 
In experiments with rats, laek of vitamin 1) in llie di(‘t (‘aiis(‘d an 
inereased loss of (hi in the feees, but no eorresponding inerease in P 
lias been observed. With a diet low' in P, sui)i)lem(‘nts of vitamin 
1) caused a decrease in tlie amount of Oa absorb(‘d by rats, but^ lack 
of vitamin D did not result in any deen*ase in tln* absorption of V 
by rats fed on a diet low in (-a (Greknberci 1939). In balan(‘e (ex¬ 
periments with X3igs, Borch-Madsrn (1940) found t.liat vitamin I) 
increases the absorption of (^a and P in both healthy and aeJiylii*, 
animals, i. e, pigs with indin^ed Aahylia gafftrica. The absorption 
of fat, protein, carbohydrates, and dry matter as a whole, was also 
inereased. In a later work, Mollgaard (1947) reports that vitamin 
I) eauses a definite inerease in the absorption of Ca and P in both 
normal and hypochylic animals. He points out that the exaet mode 
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of action of vitamin 13 in mineral metabolism has not yet been 
ohicidatod, and States that its effect is not limited to a single process 
but is the resultant of several effects, of wbich the effect on the 
absorption of (?a and P is the best known. 


Experimental. 

In order to study furtlH^r the influenee of vitamin D on mineral 
metabolism in pigs, experiments with radioactive phosphorus 
have been (jarried out at this Station on yonng pigs, age in average 
7.6 days at the beginning and 9.6 days at the end of the experiments.^ 
They were of the Swedish Landraee breed from the station^s own 
stock, and were all healthy animals without any sign of rickets. 
Kachitic animals have frequently been used in mineral studies with 
growing animals beeause it has been supposed that they should 
give more definite results, but, according to Gbeenberg (1939), 
Dm.s, Jaivsen, Sizoo and coworkers, who compared the P ineta- 
bolism in Ta(*hiti(*- and normal animals, could find no siguificant 
(lifference in the absorption or exeretion of P^‘^ in the digestive tract. 

n(‘althy animals wen^ used in the presf^nt ex})eriments beeause 
tlu" efte(‘t of vitamin 13 under normal <*onditioii8 was required. The 
f)igs w(‘r(^ us(hI in i)airs, eaeh pair being always from the same iitter, 
and 2 days b(*for(‘ th(‘ administration of P^*^ tliey were plaeed in a 
metabolism eage (see fig. 1) where feees and urine eould be quanlita- 
tivelv colleet(‘d, 

Tlie <li(‘t consisted of ordinary wliole eow' milk fed in feeding 
bottles with riibber teats, and for the first two days or so, nntil they 
\\ere us(mI to this method of feeding, the amount- was 50 ml at a 
time. They w<*re then given 100 ml milk 5 times a day, i. e., 0.5 1 
per day, eontaining 0.65 g (\‘i and 0.45 g P. One of the pigs re(*eived 
in addition a daily siqqdinmmt of 1 500 1. H. vitamin 13 per os.- 
The vitamin was given in the form of dro])s, measiired with j)ip(d-tes, 
and also as eapsules ('ontaiiiing th(* above amounti. When the pigs 
were used to the fetMiing, both of tlann recdved simultaiieously a 
dos(‘ of in the form of Na 2 llP() 4 . Tln» amounts given Aaried 
from 0.010 to 0.025 g NaallPO^, but usually corresponded to an 
activit.y of 0.5 milli-(*uri<* (inO) or 0.002 g P, so that the supply of 
phosi)horiis amounted to a maximum of 0.452 g per pig when radio- 
a(*ti\e was givim and 0.150 g otherwise, eorresponding to Ca: P 
ra tios of 1.438 and 1.444 res])eetively. 

It (^aii safely be assiimed that the ainouiit of P^^ vsupplied w^as too 

^ rt was iiot- possible allways to bogiii the expcrinients ul tho saino age of the 
pigs, due to diffioulty iii supplyiiig the P®*. 

So eallcU D-viinin, supplied by the Swedish pharinaceutieal firm, Astra, 
and eontaining \itainiii D 3 only. 
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Fig. 1. Motabolism cages for yoiing pigs. 


amall to havo any signifieant effeet on the phoaphorus niptaboliani. 
Following the dose of radioaetive aalt, one pig in eaeh pair r(M* 4 dved 
1500 I. IT. > itamin I) daily during the rest of the expiTiinent, as 
mentioned above. After 25 to 72 liours tlie piga w(‘n‘ killed and tlie 
different organs or parts of the body analysed for their conteiit of 
rad i oaeti ve i)h osph orn s. 

During the experiment, feces and iirirH‘. were (‘oll(‘(‘ied quantita- 
tively for aiialyses. The intestinal tract and its eontent were (a)ll(M*ted 
after slaughter and added to the feces. The blood, liver and kidneys 
were (*nlh‘.cted separately. After this tlie body waa autocda^ ed for 
two hours to disintegrate the soft tissues and allow the» bones to 
be easily separated. One fenmr was then separated from the skeleton 
and analysed for water, ash, fat, Oa and P. The body was then di¬ 
vided np into iniiscles, liver, kidney, blood, feces ineluding the in¬ 
testinal channel, urine, and skeleton, all of which were dried in an 
oven and ashed in an electric furnace. The ash was t aken up in 1101 
(in one ease HOIO 4 was used) transferred into volunietric*. fläsks, 
and dihited to volume. The ash was colle(*ted quantitatively from 
the different organs or parts of the body, exc.ept with the largest 
pigs wdiere the material of tlie organs was rendered uniform and a 
sample taken for ashing. The anaJyses of P^^ (..arried out with 
the aid of a Geiger-Muller counter. 
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Two series of investigations were carried out, the being given 
per os in a small dose of milk in one and by intraperitoneal injection 
in the other. 


Results. 

Administration of per os. 

The amounts of P®® found in the different parts of the body are 
givtm in table 1 as percentages of the total P®® in tlie whole body + 
uri ne +feces. 

The experiment was carried out ^\ith 10 pigs. Diarrhoea occur- 
red in two animals in each series and the results indicate that it had 
a greater influence upon the absorptioii and the distribution of the 
P®® than had the supplement of vitamin D. Thus, the absorption 
and storage of P®® in the skeleton w^as lower in the presence of diar- 
rhoea regardless of whether vitamin i) was given or no^. 

The distribution of P®® in the different organs, was: skeleton 
32.8—56.3 %, rnuscles 19.5—23.8 %, liver 1.7—4.5 %, kidney 0.2— 
0.8 %, and blood 0.1—1.0 %. The time between the feeding of the 
P®® and slaughfer varied from 25 to 72 hours, but this had no signi- 
fi(*ant eff(*ot on the distribution of the P®® in the different organs. 

Administration of P®® by intraperitoneal injection. 

In this series (7 pairs, i. e., 14 pigs) any influence of diarrhoea on 
th(‘ P-absorption was eliminated and, further, a direct ineasure of 
the amount of P®® excreted into the intestinal tract was obtained. 
Th(» results (table 2) are interesting in that they indicate that vi¬ 
tamin l) effects the distribution of absorbed P in the bodies of normal 
animals. 

Analpses of femur, The results are given in table 3. Due io the 
sliort experimental ])eriod thvro is no measiireal)ly effeet of vitamin 
l) on the eoiitent of ash, Pa, P, or fat in the bone. 

The ash eontcmt of the Fnnur in pereent of the dry matter w^as 
57.<S in the absenee and 58.3 in the pres(*uee of vitamin 1>. On the 
basis of fat-free dry matter the eorresponding vallies were 60.2, 
and 60.7 r(‘speeti\'<‘ly. The Cii eontent of the ash was 38.2 % without 
and 37.9 with vitamin I). The eorresponding value for pliosplio- 
riis was 17.1 in both cases. 

Tlu* influence of vitamin I) upon the struciure of Ihe skeleton. 

During the analyses of the feniur it was found that tlu‘ stru(*ture 
of the bones was different in pigs whieh had reeeived vitamin 1) 
as eornpanul with animals wdiieh Inid not. The bones appeariul to 
l)e more <*.oni])aet and tlndr surface had a nion» shiny and smooth 



Table 1. The influenve oj vitamin D on phosphorus metabolism in pigs. per os. 
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Fig. 2. Feinora fiom 5 day okl pigs. Left: No supplotnent of vitamin D in diet. 
Right: With supplement of vitamin D in diet. (Tioth jiigs from same littor.) 


appoareii(*e (fig, 2). Tlie differencc» in structure waa inost evident 
wlien the boiies A\'ere (*iit loiifritudirially, and fi^c. 3 shows bones 
divide<l iu tliis niaimer. It will be seen, tliat tlie spon^^y part of the 
bone on tln» lefl. in tlie two se(*tions is eonsiderably more porous 
than in those on the ri^dit. The latt(*r are from a pi^r which had 
received vitamin 1), aml the form(*r from one whieh reeeived none. 

Statistical significance of results. 

The nvsults were statistieally analysed by Fisctifii’s (1930) metbod 
for stiidying' the sik^nifieanee of the differenees of means of small 
sam])l(\s. 

sJcdeton, Tlu* inerease of in tlie skeleton followin^^ 
tlu* addition of vdtamin 1) amonnted to 0.4 units, i. e. 12.8 %. The 
1*-Yalne for the sifrnifieaiiee of this differcniee is 0.05, whiidi means 
that the ehan(*es are. found to b<‘ 95 : 5 that this differenee is gT^^ater 
than 0. Usually this is rejj^arded as signifieaut. 

7>32 jff mnsdcs\ It. will be seen from tabh^ 2 that the in the 
mns(‘les wa.s less in the jnvsene-e than in tlie absenee of vitamin D. 
The diffendiee amonnts to 4.5 iinits, i. e. 18 "o, and has a P-value 
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Fig. 3. Longitudinal sections of bones shown in fig. 2. Lcft: No suppleinont of 
vitamin D in diet. Right: With supplement of vitamin V in diet. 

(Both pigs from »ame litter.) 


of >0.05 < 0.1. Althong:li the limit for sigiiificanoo is gviierally 
taken as P 0.05, it sliould not be overlooked tliat a negative 
effeet of vitamin 1) on the <listribution of in the miis(*l(*8 is indi- 
cateii. The chanees fall between 95 : 5 and 90 :10, that the differen(*e 
is gri^ater than 0. 

in the Ivvrr, The differenee is 33 aml tlie P-value > 0.05 
<0.1. A negative effeet is indieated. 

in Icidney and blood, Xo influeiice of vitamin 1) was found 
u])()n the distribution of P^- in the kidneys or in tlH‘ blood. The 
amounts present in the presenee and in the absence of vitamin I), 
respedively, are 0.39 and 0.40 % for the kidneys and 0.07 and 0.00 
for the blood. 

in the feers. The values are 4.9 % without and 4.4 % witli 
vitamin I). They represeiit tlie amounts ])assing into the int(‘stinal 
traet and the differenee between them is not statistieally signifieant. 

in the urine. The A^alues with Jiiid without vitamin 1) ar(‘ 
7.9 and 7.5 % respeetively, and the differenee is not statistieally 
signifieant. 

Diseussion. 

In their outstanding work with radioaetive phosphorus de JIevesy 
and eoworkers have also studied phosphorus metabolism. Piiievits 
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and DE ITevesy (1937) in a study with rats found that an appre(*iable 
part of the phosphorus taken finds its way into the bones, teetli, 
muscles and different body organs, not only in growing but also in 
adult aninials. In gro^ing animals it was fonnd that the P already 
present at any early stage in the formation of the skeleton be(*oines 
(^qnally distribiited in the conrse of time over the different parts of 
the skeleton and other organs, thus dernonstrating tlie dynamie 
natiire of th(‘ building up of the bone tissue. The finding that an 
appreciable part of the phosphorus (*onsuined finds its way into th(* 
bones and other tissues is well confirmed in the present results 
whieh show that at least more than 40 % of the absorbed phosphorus 
appears in the bones after only 25 hours. This illustrates furtlier 
the Yigorous activity during bone formation in growdng animals. 
Ttegarding the influence of vitamin I) on this pro(*ess, it is of inte- 
rest to note from the per os series that the effect of diarrhoea on the 
absorption of xdiosphorus appears to be greater than that of vita¬ 
min 1). Because of this ailnient, however, it was not possible in this 
series to obtain any reliable results for the influence of vitamin J) 
upon the absorption of phosphorus. But the experiments of Boreh- 
Madsen (1946) and JMollgaard (1947), mentioned above, show that 
a. vitamin 1) supplement in the feed increases the absorption of both 
(^i and P in normal pigs. In the Mollgaavds experiment the absorp¬ 
tion of P from the intestinal tract was 47 % when the animals re- 
<*eived 1200 T. U. vitamin T) but only 34 % when no vitamin was 
given. In the Borch-Madsen trials tlie corresx>onding figures were 
45 and 33 'X, resp(‘ctively. The trials were (‘arried oiit with 6—8 
exp(»riinental animals in each seri(\s and the results had such a degree 
of statistical significance that they must be considered as proof that 
vitamin II imavases the absorption of phosphorus in normal pigs. 

With regard to the influence of vitamin J) on the distribution of 
pliosphorus in the body, it was found in th(‘series with intraperito- 
neal injection of P^- that vitamin f> increases the i)hosphorus stored 
in the skeleton. As far as \ve know% this lias not ])reviously been 
shown in the cas(‘ of pigs, but similar observations have been re¬ 
ported for rats and dogs. Thus Siiimotoki and MoKCiAN (1943) found 
a dcfinite increas<‘ of in the femur of rats givarn vitamin D, Tlie 
animal recciving vitamin 1) had 9.974 “o of tlie (P^-) dose in the bone 
ash, compared wdth only 9.939 i. e. about half as much, for the 
animal without vitamin I>. In the (‘XX)eriments of GREENBElKf and 
Poun with rats, 1.14 ' of the absorbed P-*- was found in the femur 
and tibia in the absence and 1.99 in the presence of vitamin 1). 
The P^^^ su]»pli<‘d by intraperitoneal inje(*tion. The corresx)onding 
valm‘S for the ash were 24 and 31 ‘'o, res])ectively, the results being 
averag(ss for 3 rats. Tlu* indication obtained in the pres(mt exxx^ri- 
ments that vitajuin T) effects the distribution of P^“ in muscles and 
liver is sux)ported by results obtained by Pohn and Greexbekg 
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with rats, and Shimotori and Morgan (1943) with dogs. Cohn 
and Greenberg concluded from their experiments that vitamin D 
causes a decrease in the amount of absorbed P found in the mnscles 
and that a somewhat larger decrease is to be found in the different 
organs of the body. Shimotori and Morgan noticed in their ex¬ 
periments that vitamin D caused a decrease in majority 

of the Soft tissues studied. 

De Hevesy (1948) considers it significant that the decrease in 
uptake of P’*^ by the liver and muscles of pigs receiving vitamin D 
takes place simultaneously with an increase in the P^^ content of 
the bones, and suggests the following explanation. Due to the high 
permeability of the liver cells to phosphate, some of the P®’* which 
they take up in the early phases of the experiment will later easily 
find its way back again into the plasma and from tliese to the various 
organs. The rate at which P®® moves from the liver into the plasma 
in the later phases of the experiment is determined by the difference 
in the specific activities of the inorganic P®® in the liver cells and 
in the plasma. Since the bone took up more P®® in the animals 
receiving vitamin D than in the Controls, the specific activity of 
the plasma inorganic phosphorus can therefore be expcided to be 
lower in the former, in which case the movemcnt of P®® from liver 
to plasma will be facilitated. The same considerations apply to the 
muscles and since the permeability of the muscle cells lo P®® is miich 
less than that of the liver cells we can expcct the P®® loss in the last 
phases of the experiment to be smaller in the muscles than the liv(T. 
The results in table 2 show that this is actually the case. 

It should be mentioned that Dals and voworkers (1937) in experi¬ 
ments with normal and rachitic rats c.ould not demonstrate any 
»characteristic mode of action» of vitamin D upou either tlie absorp- 
tion or excretion to the intestinal tract of tln» P®® given. Biich an 
influence was, however, noted by Cohn and (‘oworkers (1939) in 
experiments with rachitic rats whcre a decrease in P®® in tln» fe(*,(\s 
was found whcn vitamin D was fed. They concluded tliat Ihis de¬ 
crease ^\as caused by increased absorption from and d(MTeas(Ml ex¬ 
cretion to tlie gut. 

The literature is therefore contradictory, but in our experim(*nts 
with normal pigs there was no significant diftVren(*e in the i*®® re- 
excrctcd to the gut in the presence and absemu» of vitamin J), tlie 
values in the intra])erit(uieal injection seri(*s being 4.4 %, 4.9 
respectively. 

Sumniary. 

itadioactivc* P®® lias been iised to study the eff(M*t of vitamin D 
on P metabolisin in young pigs, aged in averag(‘ 7.9 days at the 
beginning of tlu» experiments. The daily diet consisted of 0.5 1 
whole milk, wliicdi supplied 0.05 grams Ca and 0.45 grams P and had 
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a (^a : P ratio of 1.4. The experiments were replieated using pairs 
of pigs. One pig in eaeh pair always received a supplement of 1 500 
I. U. vitamin D daily in addition to the food.^ The was given 
in single doses. Two different series were earried out, orie with ad¬ 
ministration of P®- yer os and one with administration by intra- 
peritoneal injeetion. After 18 to 72 hours from the supplying of 
P32 the pigs were slaughtered and tlieir bodies divided into skeleton, 
liver, kidney, muscles and blood. In addition, the feces and the 
urine were quantitatively collected. Ten animals were used in the 
per os series and 14 in the other. In the prr os series diarrhoea oc- 
cured in some of tlu* pigs and appeared to have a greater effeet 
than vitamin I) on the absorption of phosphorus. This effeet was 
eliminated in the intraperitoneal series whieh gave the following 
pereentage distribution of the P^^ aeeounted for in the analyses. 
The averages are given with tlieir standard (^rois: a) with supple¬ 
ments of vitamin 1), skeleton 50.4 % 4- S.04 %, miis(*les 25.0, 
± 1.12 %, liver 2.4, 1 0.39 %, kidneys 0.39, i, 0.04 %, blood 0.07, 
+ 0.09 %, reexeret(‘d into tlie intestin<‘S 4.4, 4 0.25 % and into the 
urine 7.5, 4- 1.01 %; b) Avithout supplements of vitamin 1): skeleton 
50.0, 4 2.70 %, muscles 29.5, £ 2.54 li\er 3.2, 4 0.51 ?;>, kid¬ 
neys 0.40, 0.05 %, blood 0.00, 4 0.11 4.. reexereted into the in- 

testines 4.9, j: 0.01 % and into the urim* 8.1, 1 1.84 %. 

The following resiilts regarding the influence of supplements of 
Aitamiu 1) upon 1he metabolism of P in normal pigs were obtained: 

1) The eontent of injeeted 1*^‘^ in Ihe miisehvs and liver tended to d(^- 
(‘n*ase. 

2) Then* Avas an inerease of oaw 12 in the amount of P*'*^ in the 
skeleton. 

3) There an as no statistieally signifieant (41eet- on the distribution 
of inj(‘(‘t(‘d P^“ ill kidneys, blood, feces and iirim*. 

4) TJk» struetiire of the sk(*leton temled to be more eompaet. 
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1. Introductory remarks. 

It is \vell kiiown Ihiil the labour reqiiiremeiit of an a^ricultiiral 
(‘nt(‘rprisc varies aceordiiiiLr to th(‘ time of year: tliis re^iularly re- 
eurriii^* variation (le])t‘n(ient on tln‘ tiine of year is called tlu* seasonal 
variation. Th(T(‘ ar(‘, hovv(‘V’ei% otlier caiist^s — partly of a puroly 
elianee natiin» — for tlu* variation of tlu* labour r('qiiirenient. 

VVliile on tlu* qu<\stion of seasonally variablo \vorkin<r tiine, tbere 
is frood r(‘ason to lay down the distinetion between labour eonsunip- 
tion and labour nnjuinunent. Botb tbes(‘ quantities ean be nieasured 
in iinits of tiims but the ri^al labour requirenient (*an either ex(*eed 
or b(* exeeeded by the aniouni of labour spent, i. e., the aetual labour 
eonsuinption. Durin^ labour peaks tbe labour requireuHMiti often 
exeeeds the nuinber of tiine-units of labour available, and diirin^r 
labour depressions the labour foree. must often be einployed on non- 
essent ial l.asks, whi(*h eannot^ be eoiKsid(*red to ereate a true deinand 
for labour. 
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The material on which the present investi^^ation is based does not 
allow of any determination of labour requirement as such: tlms the 
units of time jSfiven represent the actual labour consumption and not 
the potential requirement for labour. 

The seasonal variation of labour consumption and the causes 
thereof have earlier been the subject of investi^cations in agricultiiral 
economics in several countries. The present investi^jation is not in- 
tended to deal with the seasonal variation problem as a whole, but 
aims to throw light on it from the poinb of view of investi^jational 
inethod, and as such can be considered as introductory to a later 
study which will deal with the causes of these variations and their 
economic effect on management. 

I)(^spitc the fact that the seasonal variation of labour consump¬ 
tion has interested several investigators, ono caniiot help noticin^' 
that very little attention has been paid to the actual method of 
determining tliis variation and of presentin^? the results of the in- 
vesti^ations. The seasonal variation has usually been expressed by 
coinparin^? the labour consumption durin^^ periods of approxiniat(^ly 
equal length throu^iout the year. The labour consumption has most 
usually been calculated for base periods of one month or two weeks: 
ten-day ond one-week periods have also been used, but not so uni- 
versally. The range of variation has usually been illustrated eitlnu* 
graphically, or numerically by taking a figure of 100 as represeuting 
either the lowest labour consumption for a bast», period or the average 
labour (jonsumption i)er base period o ver tlie year. 

Both these methods give a reasonably accurate pictun^ of the range 
of variation of the labour consumption with its labour p(*aks and 
depresftions. 8uch methods of presentation an*, howev(*r, mainly of 
a descriptive nature, and do not make it possi>)le to m(*asure exactly 
the amoiint of variation. This lack of an exa(*t m(*asur(* of variation 
is felt jiiost in investigations in whicli it is desired to make a (*(unpar- 
ison between management units (farms) with different ranges of 
variation of the labour consumption, or io study tln^ changes in tlu* 
range of variation over a nuniber of years on om* management unit 
or with in groups of inanagemiuit units. 

Kven in certain other resi)ects there is reason to ])ay more att(*n- 
tion than has hitherto been done to methods of presentation of tlu* 
seasonal variation. 

It must be made clear that when the variation is expressed in se¬ 
ries of figures or in graphical diagrams, the seasonal variation is not 
separated from that variation which is independent of s(‘asonal 
changes. The causes of these non-seasonal variations are many, 
among the most important of which may b(* mentioned chanc<* dif- 
ferences in the weather conditions within the base pt*riods tngether 
with other aiterations in working time, worker’s capa(*ity and num- 
ber, etc., which are not dependent on the time of year. 
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A fluctuation not assosciated with seasonal conditions arises even 
in regularly iirogressing agrieultural production: in this connection, 
there ean occur, in the spaee of one year, changes and breaks in the 
produetion, which clearly makes the comparison of labour consump¬ 
tion during differeiit periods and separate years morc difficult. In 
the following investigation, however, such changes in the structure 
of production are not taken into (*onsideration, as a rnethod study 
should be based on material obtaincd from units which show no 
< onsiderable changes in the scope or direction of production. Manage¬ 
ment units where such changes 0 (icur are not siiitable as objects for 
a nu^thod study, and must be elhninated. 

There are further qucstions which are of interest from the i)oint 
of view of a rnethod study which should be pointed oiit. One ean 
t hus question the reliability of a study based on material frorn a single 
year. This problem is closely connecded with the question of the de- 
gree of similarity between the range of variation on the same manage¬ 
ment unit or group of units over a period of years, provided that no 
obvious aiterations in the structure of pnxliiction are made during 
the x>t^riod under observation. 

In the literature available, the seasonal variation of the labour 
<*onsuinptiori is not seldom given on the hasis of group averages. 
Tu th(‘ (*ase of, for example, a group of management units for whicli 
the labour (‘onsumption i)er period is known, the seasonal variation 
is giv<‘n by comparing tli(‘ averages, obtained from all management 
units, for all i)eriods with one another. There is reason to believe 
that the r(‘sult which tln^se averages givc» for the seasonal variation 
is not wholly correct. Ev(‘n in a homogen(*ous collection of manage¬ 
ment units, the labour peaks and depressions often occur at dif- 
ferent t imes, so that a variation ciirve drawn on the basis of the 
monthly group averages is very likely to be flått er t han the variation 
curves for most of the manag(*ment units taken separately. 

One furth(‘r question of rnethod ought to be noted, that is the 
hmgth of ])eriod which shall be taken as a basis in a study of the sea¬ 
sonal variation of the labour consumption: the la(*k of unity on this 
question in tlie publislnxl littuature has already bet*n mentioned. If 
one must. also ac(*e])t. the fact that it is hardly possible to suggest a 
X)eriod which would be siiitable from all ^»oints of view, there is good 
reason to exaniine more closely the various values obtained for the 
seasonal variation, using base xieriods of differeiit lengths. 

It is t hus apparent that there are a mmiber of questions concerning 
rnethod which should be thoroughly investigated before entering on 
an analysis of ttie seasonal A-ariation of the labour consumption. 

One can, of coursc», criticize the results of this rnethod study, in 
that they an», valid only for the special conditions ruling on Ihe study 
farms iii northern öweden. 

The author is fully aware that the results ought to be taken with 

9 481 (Xi Kungl. Lnnthrukshögakolans Annaler. Vol. IS 
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some reservation and not a priori made tlie subje(*t of generalizations. 
The economie eonditions of management refle(*ted in th(^ results can, 
however, be considered as fairly comnion in Scandinavian agrieulture, 
and for this reason one can assnme that the information wliich has 
been obtained can be applied, at least to some extent, to other groups 
of management nnits. 


2. Lay-out of the Investigation and the Experimental 

material. 

The purpose of the present method stiidy is: 

.1 . to obtain a, or possibly several, usable measureiiKuits of tlie s<ni- 
soiial variation of the labour consumption, 

2. to investigate the possibility of nsing av(u*ages from eolh^cdions 
of management units and/or years when determining the eharae- 
teristi(‘-8 of the seasonal variation of the labour (‘onsumptioii, 

3. to determine tlie respective values of base periods of differcmt 
lengths wlien describiiig the seasonal variation of the labour 
eonsumption, and 

4. to aseort-ain the value of knowing the range of variation of the la¬ 
bour eonsumption during a single year. 

The investigation has been based on r(M*()r(ls obtained froiri ten 
farms of Swedish Grassland and Peat Association in north(u*n 
Sweden.^ 

The farms keej) an aceoiint of the daily labour c-onsum]>tion, di- 
vided into different classes of work, as shown in Table IT in the A])pen- 
dix. As the owners of the farms con(*.erned iiave be(Mi accaistomed to 
experimental work and procedure for sev eral years and are visit(Ml 
regularly once a moiith by a manager, the records can bt* consid(T(Ml 
as verv reliable. The material collected ndlects the labour-economi- 
e.al eonditions on typical family farms which, as is w(41 known, con- 
stitute by far the majority of »Swedish farms. Tlu^ ar(*a of cultivat(Ml 
land on the farms investigated varies betwc^cm 8.3 and 18.0 hectares. 
Data concerning the general inanageimnit and labour-(‘cononiical 
(ionditions on the farms is given in Table J in the Appendix. 

The study farm activity started in 1942, but as primary material 
from the earlier budget years was no longer availabhs the investiga¬ 
tion has been restricted to the following budget years: — 1/5 1945 
to 30/4 1940, 1/5 1940 to 30/4 1947, and 1/5 1947 to 30/4 1948. 


' In this connertion tho aiithor wishes to express his thanks to C». Rappe, 1). 
Aoric., and Sigurd Ring and Henrik Åkerberg, farm inanaprers, without whoH€^ 
interest and cooperation it would have been impossil:)le to obtain tho material in 
qiiestion. My sinoere thanks are also diie to Nils Korkman, I). Agiuc., for the 
extremely valuablo viewpoints which he bronght forward in connection with tlio 
search for a nsable measure of the variation. 
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It is appareiit from the Axjpendix that ttio labour recording lias 
been very thorouglily carried oiit: there are, however, no reasons to 
investigate in detail the seasonal variation for all the different types 
of labour. From the point of view of farm management, the decisive 
factor is not the variation in labour consumption for each different 
type of crop and ariimal production, but. the variation in labour con- 
sumx)tiou taken as a whole and for the more important branches, 
perhaps (Top j)rodu(*tion in j)arti(mlar. 

The a(H*ount for the hours is prej^ared on tlie basis of reduced 
human working hours. One reduced N\orking hour corresponds to a- 
full hoiir's Work by a man or a woman or 1.2—3 hours of work by an 
elderly person or a (diild below 15 liours a age, Tri calculating the 
working liours carried out by children or elderly persons the indi- 
vidiial working (‘.aiiacity vas eonsiderod as that capacity is quite 
well known. 

The labour lia.s, in lliis iiivestigation, been divided iiito the fol- 
lowing main categories: — 1) crop produ(*tion, 2) aniniiil xmiduction, 
3) othcr agric.. work, 4) forestry work, 5) household work, and 6) 
miscellaiKMius work. The first three groups together constitute agri- 
cultural work, wiiile all groups togethcT constitute the whoh» labour 
consumption. 

In vrop production are included, ov<*r and abo ve field work on 
arable, im‘a.dow, pasture, and gardcui land, transport of farmyard 
manuan* from the heap, transport of harvosted products to storage, 
and transport of various (ommodities ne(‘essary to (Top production. 
Furlh(»r, such o])(u-ations as threshing, grain sorting and cleaning, 
trc‘atm(*nt of scimI, etc., wdiich are carrud out in the farm buildings 
and which ar(‘ of direct service to crop production and conservatiori 
are also included in this category. 

In au i mal production are included, o v er and abo ve work in the 
animal stalls, care of animals and treatment of animal products 
avay from the stalls. Transport of harvested crops and other neces- 
sary itenis from stnrage to the animals is also included in this cate¬ 
gory, as is trans})ort of milk and other animal products from stall 
and pastiiral land. In drawing the line between cmp production and 
animal ])roduction, th(‘ latter has been considered as beginning from 
that point where food, etc., is in storage in a form usable by tlie ani- 
inals: food preparat ion is t hus included in cro]) production. 

Other agric, irork consists of, among ot her things, road work, main- 
tonance and nqiair of land improvements, buildings, nuichinery and 
implements, and general overheads. 

Forvatry work consists of felling, transport, and forest care and 
management w'ork. 

Household work embraces preparation of meals, care of the house 
and clothing, et(‘. 
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Miseellaneous work signifies work of mixed type, wliich is of ten 
carried on as a sideline to the main enterprise. 

Some idea of the labour consumption on the different farms in- 
yestigated is given by the figuros in Table 1. 


Table 1. The yearly labour consumption during weekdays (in hours) 
on the iarms investigated. 


Farm 

No. 

Cultivatod 1 
land 

Total labour consumption 

Labour consumption for 
crop productioii 

(hertares) j 

1945-46 

1946-47 

1947 48 

1945-46 

1946 47 

1947 48 

1 

j 

10.9 

7036 

81.35 

10627 

1372 

1842 

1.331 

2 

10.3 

10309 

10538 

11389 

2359 

2746 

1804 

3 

15.3 

11687 

11428 

11818 

2160 

1734 

2118 

^ ; 

12.9 

8694 

8081 

7596 

1970 

1971 

1546 

5 ; 

18.6 

10687 

9949 

9942 

2978 

2286 

2074 

(> i 

8.3 

8506 

10049 

7587 

1689 

1294 

1067 

7 

9.0 

10445 

11554 i 

9990 

2228 

2340 

1873 

8 

10.2 

9060 

7416 ! 

7066 

1508 

1602 

1347 

9 

10.7 

8306 

8257 ! 

9092 

1541 

1138 

1748 

10 

15.2 

10964 

11142 i 

10829 

2781 

3034 ; 

2729 

A\orago 1 

13.3 

9565 

9655 1 

9594 

2059 

1999 1 

1764 


With the exception of Farm 6, one does not noti('e any gr(‘at 
changes in the total labour eoiisumption for any onc farm from year 
to year. The variations in the labour consumption for crop pro- 
duetion work are, as rnight be expecded, rather greater b(‘cause of 
the greater influence of clirnatic (jonditions on sucli work. 

Tt is apparent from Table J in the Appemiix tliat. the fanns an* 
fairly similar from the point of view of fann management, and 
that» no great cljanges took place during the x>eriod of the investi- 
gation. As the variations from year to year on the same farm an* of 
sueh a size that they ean be eonsidt‘red to have no appre(*iable 
disturbing effect on the results, the farms ean be said to well satisfy 
the rcquirements which may reasonably be demanded from the study 
material in sueh an investigation. One must naturally bear in mind 
that these management units are selected from truc* life and an*, not 
merely liypothetieal examples. 


3. Determination of the Seasonal Variation. 

By seasonal variation is understood, as previously (*xplaiiied, a 
regular variation sueh as is assosciated with the time of year and 
wldeh completes a full cyele in the course of a year. 

Practically speaking, the shortest period of time on which one can 
base the determination of the seasonal variation is a w^^eek. In some 
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respects, however, it may not be so casy to record the labour con- 
sumption and determine tho seasonal variation for one-week periods, 
and it may be so that the seasonal variation can be more clearly dem- 
onstrated if the reeords are based on one-month, two-week, or ten- 
day periods. The purpose of this part of the present study is to de¬ 
termine to what extent one (*an iise periods longer than one week 
as a base. As determinations of the labour eonsumption per ten-day 
period can hardly be considennl to be simpler than those per one- 
week period, the problem is narrowed down to a determination of 
the reliability of the two-week and one-inonth periods as compared 
with the one-week period. 

The d(*tail investigation of the problem has been based on Fispier’s 
method of siatisiical analysis, as interprete.d by Snedeooe and Bon- 
JSiKR-TEniN. To obtain a measure of the variation, the author has 
startiMl with the meajisquan*, whi<*h is defined thus: — 

, : where 

w-1 


S suin oi 
X - VHnaiit 
.r - iT\('aii of \ ariantft 
n total iniinher of variants. 

Tn addition lo Ihe variation depeiident on tlie season, the labour 
(‘onsumption also shows a variation independent- of the seasonal fae- 
tor. A typieal (‘xamph» of sueh a variation is that between the labour 
(‘onsum})tion on weekdays and on Sundays and holidays: it is also 
obvious that variations are boiind to occur purely by (diance. With 
the int(Mition of eliminating the variation eaused by Sundays and 
holidays, only weekdays have betui reeordcd in the aceoimt of daily 
labour eonsuin])tion. The labour eonsumption for weekdays during 
ea-eli year has been totalled up for periods of b, 12, and 24 days 
throughout the year: for the sake of brevity, th(»se periods are heriee- 
forward ternunl onr-nrcJc^ two-week, and one-month, Oon(‘erning the 
lat t er period, one may assume the possible eonelusions reacdied for 
a 24-day period to be valid also for ealendar inonths. 

During the budg(*t year 1915—Ib tbere were 304 weekdays, during 
194b—47 there av (Te 302, and during 1947—48 there were 303: as 
300 is a. multiph» of b and 12, it is (vxtremely suitable to (‘.oiifine the 
yearly A-ariation to 300 days, so the last 4, 2, and 3 days of the respec- 
tive years have been left out of the ealeulations. We haA^e thus t hree 
alternativa» ways of di vidi ng up eavli budget year: — 50 piTiods of 
b weekdays, 25 p<Ti(Kls of 12 weekdays, and 12 1/2 periods of 24 
W(^.ekdays eaeh. 

The varian(‘-(»s has been det(‘rmined, startiug from the formulas 
Ow — sl. and (t/I <7^., and theii estimating al as the 
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difference beiween si and (ol = si ~ Expressed in words, the 
variance between samples is assesscd as the difference between th<" 
ineansquare of all the samples and the meansquare within samples. 

The total variation is measurcd as the daily variation diirin^j: one 
year (300 days): that part of the variance which is not due to sea- 
sonal factors ou^?ht to correspond to the variance witliin the weekly 
samples (aw,)« Tlius, if the total variance ((T/) and that which 
is not due to seasonal factors (al) are known, the seasonal variance 
(<Jb) can be obtained as the difference between tliem. By (*.omparin^? 
this difference with the difference between tot al variance and vari¬ 
ance within the monthly samples and with the diff(Ten(‘e between 
total variance and variance within the two-weekly samples, one 
obtains a numerical value for the proportion of the variation really 
due to seasonal factors which is shown up when usin^j one-month 
and two-week piTiods as exponents of the seasonal variation. At the 
same time it is also possible to give in fi^ures the seasonal variation 
as such or in relation to the total variation. 

From the point of view of farm management, both the total vari¬ 
ation and the seasonal variation are qiiantiti(‘S of interest: the main 
emphasis in this investigation, however, is laid on th(‘ seasonal vari¬ 
ation, as tliis recurs regularly so that the manager is — or at l(*ast 
ought to be — able to influcnc^e this to a greater exteiit than is th(* 
c.ase with other variations in the labour consumption which result 
from factors of a more chance nature. 

in this method study the total and seasonal variations ha ve b(‘en 
detemiined separately for oach farm and each budget year both for 
the total labour consumption and for the consumption of labour for 
< rop produetion work. It is not of such gn*at inter(‘st in this connec- 
tioii to make separate determinations of tlie. variations for other ty]>es 
of Work, as the dcterniining facd.or for farm management is iiaturally 
the variation of the total labour cmisumption. Tln» variation for 
(‘Top produetion work has been ineluded as it constitutes a typical 
seasonally variabh», labour group witliin wiiich the \ ariation is of 
great significance for management as a whoh». 

Tables JIl to Y in the Appendix present ttie absolut(‘ an<l relatJvc 
values of the variation of the total labour (misumpfiott. As caji bi* 
exia^eted, the absolute. values are very variabler for tlu^ total varia¬ 
tion in 1915—46 the range was from 26.2 to 209.4, while for 1946—47 
and 1947—48 the ranges were 19.0 to 159.9 and 33.4 to 273.3 r(‘spe(*- 
tively. The range of iho seasonal variation, calculatiHl on the basis 
of one-week periods was, for 194.5—16 from 15.0 to 108.0, for 1916— 
47 from 15.9 to 113.8, and for 1947—48 from 10.1 to 149.8. 

Despitc the fa(*t. that- the absolute values for individual farms vary 
considerably, one caniiot observe any difference of ])ra(tic,al signifi- 
can(H^ between the means for the whole group of farms taken for 
different years — for the year 194.5—46 the aritlunetical jnean of 
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the total variation is 105.1, for 1946—47 it is 95.1, and for 1947—48 
it is 107.1. The eorresponding arithmetical means for tiie seasonal 
variation, calciilated on the basis of one-week periods, are 45.9, 
46.5, and 52.2. Parti(‘.ular attention should be drawn here to the 
fact that the mean variation has been determined as an arithrnetic 
average of the varian(*es determined separately for each farm, i. e., 
aceording to the formula 

J. .+ CTn 


It has, liowcwer, be<;omc apparent that it would be desirable, with 
a view to later cojnparisons, to work out a weighed mean for the 
average variation on the farms: as weighis in this eonneetion, the 
s(*ope of the labour (‘onsumption on the different management units 
has be(‘n used. Tlu* wcdghed means lie throughoiit above the arit.h- 
meti(*>al means, but the difbTene.es are not verv largc*. 

Jt is not, liowever, suffieient to expresss the variation only in absolute 
figur(^s: from the poinl. of view of farm management., t ln^ size of the 
s(‘asonal variation in relation to the total variation is of great inter- 
est, as this gives a good eharaeterization of ]>ossible deviations from 
year to year and from one management unit to another. The separate 
farms show obvious differenees, even though the fluetuations are 
eonsi(l(*rably less tlian for the absolute values. Thiis during the 
budget, year 1945—16 the s(‘asonal \ariation varied between 26.9 % 
and 65.9 of tJie total variation, during 1916—47 the range was 
26.7 to 71.2 and during 1917—48 the range was 28.6 to 

77.9 ‘;o. The arithnietieal means are 15.7 42.7 ‘'o, and 47.7 ''o 

respi‘etively, and t hus show great r<‘gularity. One ean therefore 
sabdy state that oa //o* avrrage, thv .srasonal variation malers np 
appro,rimatrltf lö of thr total vanation of thr labour ronsnmption. 
This is, in its(*lf, an in teresting observation, whi(*h illustrates 
tln^ magiiitiide of the seasonal >ariation. If one keeps to tlie aver- 
age valu(‘ for all farms, over half of the total variation of the whole 
labour eonsumption is seen to be due to faetors other t.Inin the tiine 
of y(*ar. 

Tlnre is at ])resent no reason for going into an aiilysis of the fae¬ 
tors behind t In* nssuils giv(*n abovt», a.s the author will be returning 
to this qiKvstion in a latter inv(‘sligation of th<* seasonal variation of 
th<‘ labour eonsumption. 

Values for th(* variation of labour ronsumption for crop produrtion 
eomparable witli thos(‘ given above for the total labour eonsiini])- 
tion are s(*t. out in Tables VI to VlIT in the Appendix. The total 
variation for 1915—16 was between 49.9 and 235.5, for 1916—17 
it was b(‘tv^e(Mi 32.1 and 184.7, and for 1947—18 between 31.3 and 
320.1: th(‘ eorn‘S])()nding averages are 111.2, 101.4, and 92.6. Evcui 
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in this case, the averages for different years are close to oach other 
considerin^? tlie nature of tho material studied. 

In this connection the greatest interest is provided by the fi^ures 
showing the seasonal variations (determined on the basis of one-week 
periods) as percentaj?es of the total variations. It is apparent from 
the above-mentioned Appendix Tables that the avera^es are, prae- 
tically speakin^r, unaltered from year to year, i. e., 54.6 %, 55.1 %, 
and 53.1 % respeelively. It ean thus be definitely stated that the 
seasonal rariation in the labour eomumption for crop production on the 
farms studied is, on the average, about 65 % of the total variation, while 
the eorresponding figure for the total labour eonsumption is about 45 %. 

In by far the majority of individiial cases, if one expresses the sea¬ 
sonal variations as percenta|?es of the respeetive total variations, tlu^ 
s(‘as()iial variation of the labour eonsumption for erop production 
ex(‘eeds that for the total labour eonsumption. This is not, however, 
1 he (vase throu^;hout as, duriii^? all years on Farm 10 and during 1947— 
18 011 Farms 1 and 6 this relationship is eompletely reviTsed. This 
apparently stränge result is due to the fact that in these euses tlie 
variation within the base periods for erop ])roduetion was exec»})- 
tionally large in eornparison to the variation between base periods. 

The niethod whieh has b(*en put forward here for the determination 
of the seasonal variation of the labour eonsumption has the advantage 
that it gives in a simple way an exact measure of the sizi» of the varia¬ 
tion, and thus makes jiossible eomparisons of different types and 
with different purposes. The values whieh havT. beeii worked out on 
the basis of this method ean b(‘ eonsidered as being very reliabl(\ The 
numerieal values in themselves, however, giv(‘ no idea of the nalim» 
of the course of the variations with their ])eaks and d(*pressions: 
there is thus good reason to supplement th(‘ numerieal data with 
grapliical iiresentations to elarify this point. It is probably neither 
neeessary nor suitable for the present iiurpose to give siieh grapliical 
presentations for eacli farm every year, so eertain typieal casivs ha ve 
been chosen to illustrate t he general trends. To this end, Figures 1 t o t) 
havebeer prepared, and show the courses of the* variat ions on P^arni 4. 




Fi^. ,‘J T<jial labour consumptiuii por weokdny oii Farm 4 for tbo 
bucl^ot yoar 1947—4S. 
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D««e ^2 Vj Vi Ys Vi V? % Vv VlO Vn ’/l2 '-'i 

Fig. 4. Labour cousumption for crop produetion por weokday on Farm 4 foi 
tho budget year 1945—40. 



Oate '^7 Vt '*6 ’'n ' ’ '' 

Fig. 5. Labour oonauinption for crop pro<luctioii por weokday oii Farm 4 foi 
the budgot year 194()—47. 



Oaie ’ 7 ' . 'h ■'l 'ö *9 ’ 10 ' 11 'i; ' I 

Fig. 0. Laljoiir oonsumptioii of the orop produetion por weokday on Farm 
4 for tho budget year 1947- 48. 
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A prerequisite for the use of the method set out here is that one 
iias access to details of the daily labour consumption during any one 
year: if these details are not available, one must satisfy orieself with 
other means of measurement. Among those means of rneasuremenl 
which can be considered usable is the standard deviations (s) of the 
base period averages and their coefficunts of variability (v), tliat is, 
the standard deviation as a percentage of the respective average 
labour consumption i)er baseperiod. 

(-(»rtainly neither the standard deviation nor the coefficient of 
variation can be considered separately as being suffi(dently exact 
ineasiires of the seasonal variation of the labour consumption, but 
as they su])plement one another in a suitabhi manner, they can 
be used side by side. 


4. The Variation in Labour Consumption in ^roups 
of farms or years. 


It has iilnnidy been stated that the inost eoinmon method of giving 
the variation in labour <‘onsumption for groups of farms is by adding 
11 ]) the labour eonsumption for ea(di base jieriod oti all farms in tlie 
grou]), eahiulating the av(Tage labour eonsumption for eaeh period, 
and eornparing thes(‘ averages with one another either grapliically 
or numerieally. The same method a])])li(‘s when grouping data for 
diffen‘nt y(‘ars on tlie same farm. 

It is reasonable to siqipose, l»o\\ever, that sueli a method vr\\\ 
I(‘ad to an evening out of the variation. With the intention of de- 
termining to how' great an extent this is the ease, the author has de- 
termined the avt^rage A^ariation of the» labour eonsumption on tln* 
farms stmlied by tAvo diff<»rent inethoels. The first method (Alter- 
native A) is tln» same as for the determination of Aveighed means 
for the A ariation, as deserib(»d on pagel^o (see also Tables 111 to VITI 
m th(‘ Ap]>endix). In the seeond alternatiAe» (b) — Avhieh is in prin- 
ei])le tln» same methoel as is mosi freciuently eiieoiintered in the pub- 
lished lite*rature — oin» <h»terinines first, from the daily labour eon- 
sumption on all Ihe len farms, tln» average» labour eonsumption for 
eaeh of tln» .‘h )0 davs of the year, and then determines the total a aria- 
tion on the basis of these averages (the variants). Expressed as a 
formula, the» i(fial variation is ealeulated as follows: — 


a 


t 




L>S(OP 

H 


il \ 


where S{j) - 


.S(x,) , 
m 


^'^(•^'300) 

r 

m 


n uuml)or of variants por yonr (JIOO) 

/// iiurnl)(‘i- of \ anants ])or <tay (10) 

labour oonsuniptiou on oaoh farm on tlio first rlay of tho yonr 

.rjjoQ labour consumiitioii on oa<‘h fann on tho last ciay of tln' yoar. 
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When (ietermining the seasonal variation, the variants consist of 
the daily averaj^es (x) totalled up in order for one-week, two-week, 
and one-month periods. The averages as determined by the differ- 
ent methods are set out in Table 2. 


Table 2. Comparative statements of the variation of the total labonr 
consumption for the group of farms, determined by different methods. 



1945 


1946 

-47 

1947 

-48 


Alteniutivo 

Alternulive 

Alternative 


A i 

n 

A 1 

B 

A 1 

B 

Total variation. 

110.7 ; 

:io.o 

99.1 , 

31.0 

113.7 1 

27.6 

Seasonal variatioia with one-week base period 

48.7 ; 

L>().() 

49.4 1 

22.5 

55.7 i 

18.5 

Seasonal variation with two-wet‘k base periodi 

43.7 1 

10.9 

41.fl : 

22.1 

51.2 1 

18.:i 

Seasonal variation with one-month base period 

:ir>.r) I 

18.2 ! 

ss.r.: 

21.(5 

‘ 4(5.4 ! 

17.9 


It is apparent from the Table that Iho total variation a,s determined 
according to Alternative B is for all years only abont; 25 %—30 
of that as determined aceording to Alternative A — a very eousider- 
able differcnce. Jf one eompares this with the eorresponding alter- 
natives for the seasonal variation, one finds tliat the differenee iu 
the case of the seasonal variation is smaller than that for the total 
variation, and deereases both relatively and absolntcdy as tlu» length 
of the base period is inereased. It is thus obvious that tlie shorter 
the base periods are, the larger is the diffenmee betvvecni the Iwo 
alternatives, i. e., the more obvious is tlie evening out of the variation 
whieh results from the use of Alternative B. 

The above details refer to tlie total labour eonsumption. To ob- 
tain some idea of the extent to whieb the. same phenomenon applies 
to the labour <*onsumptioii for erop produetion, eoin[)arabh* figures 
for this an* given in Table 3. 


Table 3. Comparative statements of the variation of the labour con¬ 
sumption for rrop produetion for the qroiip of farms, determined by 

different methods. 



1945 

-46 

1946 

47 

1917 

-48 


Alternative 

Alternative* 

Alternative* 


A 

B 

A 

B 

A 

B 

Total v^ariation. 

! 

124.0 ; 

55.4 

11.3.9 

54.7 

no.:i 

42.0 

Seasonal variation with ont^-woek baso period 

00.0 1 

45.7 

0 : 5.2' 

49.0 

51.2 

. 3 : 1.0 

Seasonal variation with two-week base period 

50.2 

41.0 

.50.0' 

44.7 

47.4 

:i2..5 

Seasonal variation with one-month baseperiod 

51.7 

40.2 

' 49.41 

40.5 

40.4 

31.3 


It is apparent from the Table that, even in this ease, tlien* is an 
obvious evening out of the variation, although this is not of the same 
magnitude as in the ease of the total labour consumption: the total 
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variation as determined by Alternative B is thus about 40 % of tln» 
corresponding value accordinf^ to Alternative A. The difference 
between corresponding values for the seasonal variation is consider- 
ably less than that for the total variation, but shows the same tend- 
eney to deerease as the length of the base period is increased. 

Tt is difficult to apply the eonelusions obtained here to earlier in- 
vestigations (M)n(ierniiig the seasonal variation of the labour con- 
sumption, as the interx)retation of the idea of variation varies con- 
siderably, and the distiiietion between total variation and seasonal 
variation is often far from clear in the earlier studies, One can^ hou - 
ever, say this much; that when setting ont to clarify, from the point oj 
view of farm management^ the variation in the labour consurnption oj 
groups of farms or of one farm over a period of years, it is not altogether 
eorreet to gwe this variation in terms of Uvelled-out averoges. This is 
partieularly important when short base ])eriods are used, but is also 
of signifieance when longer periods are used. 

The author has already pointed out that, if one wishes to obtaiii a 
])ieture of the eourse of the variation, an <*xae1 ineasure of the vari¬ 
ation shoiild be supplemented with a graphical prescmtation. If this 
is given on the basis of averages worked out ])er base period within, 
for examph», a group of farms, the peaks and hollows of the variation 
eurve ar(‘ flatten(*d out. Jf one, in an attempt, to exemplify the group, 
elioos(‘s a singie farm, it must be realised tlial, however representative 
tli(‘ farm may b<s differenees between farms are so apparent that tlu* 
variation eurve ean hardly be eonsidered to be fully representative 
tliroughout its whole eourse: thus both methods of graphieal repre¬ 
sentation show eertain defieieneies. To (*liminate these defieieneies 
at least wluui dealing with a reasonably homogeneous group of farms, 
one ean suitably present two figures, the one drawn on the basis of 
tlie mean values per base period and the other giving the eourse of 
tlie variation on au av(Tage farm. With »average farm» is understood 
one where the numerieal value of the seasonal variation is of the same 
order as the averag(‘ variation (see page 140, Alternative A), and where 
tht» form of the variation is tyineal. 

This is shown elearly in Figs. 7 and 8, in wdiieh the eourse of tlie 
variation of the average» total labour eonsumption on all farms 
1047—1048 is (lompared with the eourse of the variation of tlie la¬ 
bour (»onsumption on that. farm for whieh the numerieal value of 
tlie variation is elosest t,o the average valin» for all farms. The dif- 
feren(‘es between tin» two eourses are obvious espeeially when the 
variation is given on tlie basis of one-week periods. 

What lias been said here is also applicable to the graphical illustra¬ 
tion of the variation of the labour eonsumption on on(» and the same 
farm during a groux) of years. 
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5. The size of the Seasonal Variation determined on 
the basis of Periods of different Length. 

When it eoines to judj^ing to wliat extent periods of rnore than one 
week\s duratlon ean be used as base periods, it is neeessary to (;orn- 
pare the nonierical values ealculated aceordin^; to different iiiethods 
so HS to deterinine the differenee between the altcTiiative values in 
each individual ease: Tables 4 and 5 have beeii prepared for this pur¬ 
pose. Table 4 shows the seasonal variation determined on the basis 
of two-week periods as a percenta^e of the seasonal variation as de- 
terniined on the basis of one-week periods, while Table 5 deals sinii- 
larly wdth the seasonal variation determined on tlie basis of om» 
month periods. The a(*tual figures from whicli these two estimations 
have been made were extraeted from Tables Ill to Vill in tlu» 
Appendix. 


Table 4. /Seasonal variation determined on the hasis of two-week 
periods, as a pereentage of the seasonal variation determined on the 
basis of one-week periods. 


Fann No. 

Total labour consiimption 

1 LHl)(>iir (‘onsurnption 

(T()]) produetion 

tor 


1945-4» 

104«-47 

j 1947 4H 

1945 

4» I94H 47 1917-IS 

1 

1 

i 93 

88 

■ 90 

85 

80 

94 

o 

1 91 

82 

87 

98 

90 

90 

.3 

92 

88 

81 

83 

77 

97 

4 

i 70 

80 

71 

80 

90 

72 

5 

1 SI 

87 

85 

09 

: 80 

83 

() 

! 85 

83 

97 

92 

j 94 

99 

7 

i 93 

82 

97 

94 

99 

93 

K 

j 87 

74 

71 i 

87 

88 

85 

1) 

84 

82 

80 ' 

90 

97 

88 

10 

! 98 

83 

97 1 

90 

80 

98 

Arithmotiral nioan 

i 87 

83 

! 87 1 

87 

, 89 

91 


A eomparison of the fif^ures in Table 4 shows that tli(»re are eer- 
tain divergences in the values for different farms duriiifj the same 
year, but on the wdiole the agreement is quite ^{ood, partieularly in 
the ease of crop produetion. The values for different years on the 
same farm are also fairly even, partieularly when one eonsiders how 
dependent af^rhmlture is on climatie conditions. The avera^?es of 
all farms for different years show very elose a^reement. 
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Fi^. 7. (\)urs(' of variation of total laboni coiisuniption, based on one-woek 

piniods a\eraj/(' for all farrns (jornpared with Farm 11 'Pho figure 100 ro- 
f)r(\sents thc uverage labour eonsunipfion pei w ek during llM7~-48. 



Fig. S. Fourso of variation of total labour consumption, based on oiie-inonth 
periods — averago for all farms comparetl with Farm 0. The figure 100 re- 
liresents the average labour consumption per month during 1947—48. 
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Table 5. Seasonal variation determined on the basis of one-month 
periods^ as a pereentage of the seasonal variation determined on the 
basis of one-weeh periods. 


Farm No. 

Total labour coiiHumption 

Labour consumption for 
erop production 

1945-46 

1946-47 

1945-4S 

1945-46 

1946-47 

1947-48 

] 

87 

77 

92 

74 

73 

88 

2 

85 

75 

80 

91 

95 

86 

3 

60 

64 

69 

73 

67 

81 

4 

62 

72 

55 

75 

82 

71 


S7 

71 

79 

62 

74 

63 

(> 

59 

60 

92 

74 

67 

91 

7 

82 

64 

; 89 

86 

96 

79 

8 1 

80 

64 

63 

79 

74 

71 

9 ! 

64 

62 

63 

85 

79 

79 

10 

87 

68 

88 

90 

67 

82 

Arithmetical moan. 

72 

68 

77 

79 

78 

79 


The figurcs in Table 5 iriake a ratlier less ev(‘,n impression than 
those in Table 4. The differenec between the extreme values is not 
very much greater than that between the extreme values in Tabh'. 4, 
bnt the values within the yearly jjroups are more widely scattered: 
this is i)articularly obvious for the total labour consumption, but 
applies also to a certaiii extent to the labour eonsumption of cro]) 
production. Eamis 6, 7, and 10 show eonsid(‘rable chaiif^es from year 
to year. Aj^ainst this, the averaj^es of all farms for diff(‘r(*nt y('ars 
show very close agreement in the ease of erop production, althou^di 
those for the total labour consumption are rath(»r more widely S(*a1- 
tered. 

Tn order to illustrate the shape of the variation curve as a funct ion 
of the length of base period, Fi^^s. 9 and 10 hav e been pre})ared to sliow 
respectiv<'ly the variation of the total labour consumption and that 
for erop production durin|j one year on farm 4. The cnurse of the 
variation is naturally evened out more and more as tlui len^dh of tln* 
base period is increased. 

To sum up, one cnn draw the followin^ conclusions from tlic 
material presented abo ve: 

1. A determination of the seasonal variation of the labour eonsump¬ 
tion should preferably be based on reaords taken for one-week periods. 

2. If for some reason this is not possible, one can be eontent with mak- 
ing the determinations on the basis of two-week periods. 

3. Even results from investigations based on a monthly aceount of 
the labour eonsumption can be accepted, although shorter base periods 
are to be preferred. 





1945- 46 

1946- 47 

1947- 48 



Seasonal variation (based on one-week periods) of tlie total labour consuinption on Farm 2 during diffei-ent years. 





1945- 46 

1946- 47 


Numl>ttr öf hours per one-week period 



12. Seasonal variation (based on one-week perio<ls) of the labour consumption for crop production 

duriiig different yeers. 
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9. Av(‘rage total labour (‘on8umj)tioii pcu* wookday, as fletermiiied with 
one-wook, two-woek, an<l ono-inonth base periods. Fairn 4, budget year 1940 -47. 



r*t th* y. 1 - 1 7 J i ft / <t « 1(J 11 1i H 14 1''. 1/. 17 miv 70 71 i; VA ■> W6 7/ Jt. 10 »M3 IJ U 36 ); 16 J9 1,0 41 Mi .4 46 /.7 40 *9 50 


P’ig. 10 .\\erag<' labour consumption for crop ])roduction y>er weokday as de- 

tf*rnunod u itli one-weck, two-week, and on< -nioiith bas(‘ jicnods. P^irrn 4. 

budget yenr 1940 -47. 


b, The Vallie of Results, showinj? the Seasonal Varia¬ 
tion during a single year. 

A good iiiipivssion of 11 h* usability of a siiigle year^s resiilts is ob- 
1 ained by <*oniparing the figures for the seasonal variation (based 
on one-vve(‘k piTiods) duriiig different years for the sann' fann: Tables 
0 and 7 liave btuni drawii iip witli this purpose in view. 

From even a superfitdal examination of Table 6 it is apparent tliat 
the absolut(‘ vaJues for tlie seasonal variation ehange eonsiderably 
from year lo year on the same farm: this is true for both the total 
labour consumption and t hat of crop production. The relative fig- 
iires in Table 7 do not varv so mueh, but in eertain individual (*ases 
ther(‘ are consideral)le diffenmees. 

Th(»re is ])(‘rhaps some reason to make similar eomparisons based 
on the t.wo-W(M‘k and one-month periods, but these hava» been omit- 

10 48l()(» Kumjl. L(inthruksh(hjfik'oIuns Ajitialer. Vnl. IS 
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Table 6. Ahsolute välues of the seasonal variation of the lahour 
consumption,, (a') determined on the basis of one-week periods. 


Farm No. 

{ Total lahour oonsuinption 

1 . _ 

Lahour consiimptiou for 
crop jmiduction 


1 

1 1945-4« 

1946 47 i 

1947-48 

1945-46 

1946 47 

1947 48 

1 

20 

28 S 

72 

30 

47 

33 

2 

108 

33 s 

37 

72 

69 

45 

3 

40 

86 1 

35 

95 

56 

53 

4 

21 

41 1 

10 

53 

79 

28 

5 

68 

53 1 

56 

99 

55 

58 

() 

15 

9 

28 

35 

26 

17 

7 

46 

64 

85 

39 

64 

43 

8 

47 

19 

12 

36 i 

25 

20 

a 

17 

16 ' 

37 

26 

17 

i 35 

10 

78 

114 

150 

109 

1 120 

115 

Arithmotical niean 

46 

46 i 

52 

59 ! 

i 56 

45 


Table 7. Seasonal variation of the lahour consumption, determined 
on the basis of onc^week periods, as a pereentage of the total variation. 


Fann No. 

1 

' Total lahour conaumption 

Lahour ronsinnptM)n tor 
crop protlnctioi) 

! 1945-46 1 

1946-47 

1947 -48 

1915-46 

1916 47 

1947 4S 

1 

44 

53 

67 

57 

61 

55 

2 

52 ‘ 

47 

51 

54 

51 

62 

3 

1 41 . 

67 

36 

71 

70 

50 

4 

27 1 

35 

31 

42 

51 

48 

5 

33 ! 

43 

43 

42 

47 

52 

6 

' 57 

46 

78 

70 

61 

54 

7 

43 

39 

43 

49 

53 

63 

8 

: 41 

27 

29 

48 

38 

44 

9 

33 1 

37 

45 

51 

! 5.7 

1)6 

10 

60 

71 

55 

63 

65 

36 

Arithmotical moan 

44 1 

43 

48 

55 

55 

53 


ted 80 as to avoid the presentation of too jnany wliicdi nii|j:lit 

be. confusin^^. Those who wisli, lioMever, ea-n extraet tl](‘ fi<i:ures ne- 
eessary for such comparisons from Tables Tll to Vill in the Ajjpen- 
dix, and will theii find tliat what has been said hen*, in eonneetion 
witli the one-Aveek periods applies also when two-week and one- 
month base periods are used. 

In order to find out to what extent. the varianee between farm 
exceeds the varianee within farms, the author has determined from 

si 

the figures in Table 6, the ratio ' where sl si^nifies the meansqnare 
between farms within years and is obtained as a rernainder (eorrela- 
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tion H-chanee variation = error) when tlie sum of squares for differen- 
(^08 between farms and botween yc^ars are subtracted from the sum of 
squares for the total variation, and the result is divided by the. num- 
ber of degrees of freedom (Bonnier & Tebin). For the sake of com- 
parisoii, corresporiding ratios calculated from the determination of 
the seasonal variation on the basis of the two-week and one-month 
periods havc» been ineluded. 


Qut)tiont betwoon vanancPK 

Labour roii- 
labour sumption for 

‘fmsuinj)ti(ju trop produo 

tion 


Soasonal variation witli one-week bano poriods . .j 10.24^^"^ 

Soasoiial variation with two-woek Iirmo poriod-. . | 10.32’^’'' 

Seasonal vanation with one-rnonth base periods 3.74'''^ 9.40"'^'^ 


The vallie of llie (|iioti<‘nt between variauees show that one van 
naif wHh (jrvat vvrtainhf ihat thv rarianvv hvinrrn farms äiffvrs from 
tliv rarianvv irUInn farms. 

To obtain a furlher quantHa.ti\e measiin» of a possible within- 
chiss correlation, i. e., tlie ))art played by the between-farm varianec 
in relation to t In* total varianee, tln* withiu-elass corndation coeffi- 

('i(*nt ^!l has b(‘(*n (*al(*ulate(l: 

Of 


Gb has been estimat(*d as s} — . 


Within class rorielutlou 
onctfiriont 




Total labour 
t'oumim])tiou 

T.abour coii- 
Kum]>tiun tor 
( rop pioduc- 
tif>n 

^\eek 1 

>us<* pericxln . . . 

0.4r>34 

, 

0.7470 

-week 1 

base ])eiiods . . . 

0.4243 

0.745(> 

month 

bnHe fieriods . . 

0.4508 

0.7202 


The eoeffi(‘ients show that, in lin* ease of the total labour coiisiinip- 
lion tln*re is a visible, and in the ease of the labour eonsiimption for 
eroj) prodiietion a fairly strong (‘onnoetion for the separate farms 
between different years. The eonneetion for the total labour eon- 
sumption is, how(*ver, not so firm that one eaii eonsider the r(*sults 
from one year as being representative of the seasonal variation. 
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One can therefore say, on the strength of the above, that in in- 
vesti^ations iutended to illuminate tlie seasonal variation of the la- 
bour consumption on individual management units, it is not suffi- 
eient to make an account of the results for only one year, and that 
snch investigations should be (iarried on for at least two three years. 
On the other liand, if one is eoneerned with the seasonal variation 
for a fairly homogeneous group of management units — in this (iase 
ten family farms in northern öweden — a year’s average appears 
to be qiiite suffieient and usable for this purpose. 

It should be made quite elear that the diseussion put forward here 
naturally does not apply to the form of the variation eurve: mimeri- 
cal values give no information on this point. With the objeet of put- 
ting forward this, diagrams 11 and 12 are ])resentefl to sliow the eourse 
of the variation, based on one-week periods, of tli(‘ total and of iln^ 
(*roi3 produetion labour (consumption. 

One (can, in smnniarizing, draw the following eonelusions from the 
material presented: 

1. When imestigating the seasonal variation for an individual farm^ 
it is of ten not adequate to start from the variation and iis eourse durin g 
a single year^ and one should preferahly take into aecounl the results 
from three years, 

2. J/, on the other hand, it is a ease of showing the seasonal variation 
within a group of farms of fairly uniform management strueture, a 
mean value ohiained from a group of ten farms gives a reliable mrasurc. 
In eonneetion with this, one must bear in mind tvhat hns already been 
said on page 140 about the deterrnination of average values of the sea¬ 
sonal variation for farm management pur poses. 


In order to carry out tliis investigation the writer reeei\ (*d a grant 
from the Agrieailtural Tles(weh Oouneil and wis)H*8 to (‘X])r(\ss liis 
thanks for this support. 


Suiiimary, 

The purpose of the present niethod stiidy has b(‘en: 

1. to obtain a, or possibly several, usabh* measureiiKaits (»f th(‘ s(*i> 
sonal variation of tlie labour eonsumption, 

2. to investigate the j)ossibility of using ave^ages from eoll(‘etioTn 
of management units and/or years when d(‘terminmg the (diarae- 
teristies of the seasonal variation of the labour eonsumption, 

3. to det(u*mine the resp(‘(*tive values of base ])eriods of (liffenmt 
lengths when deseribing the seasonal variation of tlu‘ labour eon¬ 
sumption, and 

4. to aseertain the value of knowing t he ra-ng(^ of variation of th(‘ la¬ 
bour eonsumption during a single y(‘ar. 
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The invesiigation has been based ori records obtained from ten 
farms of 8wedish Grassland and Peat Association in northern Sweden. 

By seasonal variation is understood, a regular variation such as 
is associated with the time of year and which completes a full cycle 
in the course of a year. Practically speaking, the shortest period 
of time on which one ean base the determination of the seasonal 
variation is a week. 

The detail investigation of the problem has been based on FrsHER’s 
method of statistical analysis, as interpreted by Snedeoor and Bon- 
nier-Tedin. 

The author has deterrnined the variation on the basis of the 
varianee. The variation lias been deterrnined in the way deseribed 
below, starting from the formulas Uf Ow^Hw and at^^al-rCw-, 
and then estimating al as the differenee b(^tween st and si, 
(al Si — si). 

To sum uj), one ean draw the followin^r eoneliisions from the 
material ])resented above. 

1. rt ean be st at ed t hat t he seasonal variation in the labour con- 
sumptiou for ero]) production on the farms studied is, on the 
avMTage, about 55 % of the total variation, while the eorre- 
spondiiig figure for the total labour eonsumption is about 45 %. 
This is, in itself, an interesting observation, whieh illustrates 
th(‘ magnituden of the seasonal variation. 

2. Tt is diffieult to api)ly the eonelusions obtained here to earlier 
investigations eon(‘e*rning the seasonal variation of the labour 
eonsumption, as tli<^ int<u'pretation of the idea of variation varies 
(»onsiderably, and the distinetion hetween tot-al variation and 
se^asonal variation if of t en far from eh^ar. 

One ('an, however, say tliis mueh; that when setting out to clarify, 
from the ])(unt' of view of farm management, the variation in the 
labour eonsumption of groui)s of farms or of one farm over a 
p(*riod of years, it is not altogcdtuT enorreent to give this variation 
in tenns of levelh*d-out averages. This is particmlarly important 
when short bas(‘- ]H‘riods are us(‘d, but is also of signifieanee wlnm 
longer ])eriods are* used. 

3. A (let(u*minatiou of the S(^asonal variationof the labour eonsumption 
should i)ieferably b(* based on n^eords taken for one-week periods. 
If for soiTie reason this is not possible, one ean be (‘ontent 
with making the determinatioiis on the basis of two-week periods. 
Even nssults from investigations based on a monthly ae(‘ount 
of the labour ('onsumption ean be aeeepted, although short<u‘ 
bas(‘ ixTiods are to be ]>r(‘ferred. 

4. Wh(*n investigating the s(*asonal variation for a.n individual 
farm, it is often not adecjuate to start from the variation and its 
(‘ourse during a single year, and one should preferably take into 
ae.(‘ount the results from three years. 



löO N. Weötermarck 

If, 011 the other hand, it is a case of showin^ the seasonal 
variation within a group of farms of fairly uniform management 
stnieture, a mean value obtained from a group of ton farms 
gives a reliable measure. In conne(‘.tion with this, one must bear 
in mind what has already beon said about tlie determination of 
average values of the seasonal variation for farm management 
purposes. 
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Table H. Headings under whieh lahour consurnption has been 
recorded, Details filled in daily for each individual worker. 


Farm No. ... 

Labour report for.ag(» . . . 

Date 

Fruit cultivation 

Time for rjsiiig 

Caro and repair of tractor 

Time for starting work 

General overheads — road maintenance. 

Horses 

cleaning 

Cows 

Total of ordmary agriciiltural work 

Youiig stock 

Transport for forestry companies 

Pigs 

Buildings 

Sheep 

construction and ulteratioii 

Poultry 

maitenance 

Spring wheat 

Fixod foncing | 

Wintor wheat 

erection 1 

Kye 

maintenanci' 1 

Barley 

J3rainago i 

Oats 

new systems | 

Clover and gniss Icy 

maintenance ( 

for seed 

Dead stock i 

for hay 

new constriictions j 

for AlV silagc 

maintenance i 

Fodder roots 

Forestry work 

Sugar boet 

felling, oto. for salc ‘ 

Potatoos 

felliug, etc. for home iise l 

Oreeii o rops 

forest care ‘ 

Cultivated pasture 

(.^utting iip wootl for houseluild usf‘ 

Autumn ploughing 

Other work 

Transport of milk 

book-keep ing ' 

Transport of othor prociucts 

other paid tasks | 

to market 

iinpaid tasks 1 

Transport of feedmgstuffs 1 

1 Househtild 

from storage 

Miscellaneous 

1 Transport of commoditics 

Total work ing hours i 

to farrn 

1 Tinio for finishing work | 

Transport of fodder grain 

Free tirne 

to mi]l 

Time for retiring 

Transport of bread grams 

MisciOlaneous iiotes 

to mill 

1 

Work in storago buildings 

i 

Attention to man u re 


Vegeta})le ciiltiv^ation ! 
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Table IV. Data concerning variation of the total labour consumpiion (a^) for the budget year 1946 — 47. 
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Table V. Data coneerning variation of ihe total labour consiimption (ct^) for the budget year 1947 — 48, 
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Table VI. Bota concerning variation of the lahour consumption for crop production 

(q^) for the budget year 1945 — 46, 
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Table A ll. Data oiwverning variation oj the labour eonsumpiion for crop production 

(< 7 “) for the budget gear 1946 — 47. 
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Agrobacterium Radiobacter Conn as a Symbiont 
in (^ellulose Decomposition. 

By GÖSTA FAHR.^^US. 

From. the. Inslilute of Micro^nology. 


Introduction. 

Tliere luive boen 8tiit-Hiieiits ina-de in the liierature to the 

eflect that cellulosi^-deconipoHiiif^ baet(‘ria are stiiniilated by varioiis 
(»r^jrajiisnis not attae.kiri^^ (jelluloHe theinselves. A special case of 
^n^at interest is the association of cellulose-(h‘coniposin^: and nitro- 
^J:en-fixin^^ bacteria whi(*h has been studi(‘d durinj^ recent years for 
instance by Jensex & Swaby (1940, 1911). There are, however, 
also other cases where nitro^en-fixin^ ba(‘teria; are not involved. 

Attention was dra\Nn to suoh a case by Swborn (191^6), who 
studied a conibination of (Vdluloinonas folia and various other 
])a(‘t<'ria. Such symbiotic relationships Aven» also reported later, 
particiilarly by HAinxsEX (1910). In the li^xlit of recent Avork, by 
ITaumsex and others, it seenis hi«>:hly probable that ^Towth siib- 
stanc(*s j)lay a d(‘cisive role in tliis coririeetion. Esj)e(*ially the 
minierous s])eei(»s included in the hetero^eneous f^roup »(Vdlulomo- 
nas» se<nu to be dependent on ^rowth substanees t)f various kinds. 
One fellulonionas strain r<‘cently exainined by the present author 
r(‘quired an addition of thianiin and biotin to a synthetic inediuni 
with aninionia. as a sounH*! of nitroijtui and cellulose or j^lucose as 
soh‘ sourc(*s of carbon, but apparently other strains have other re- 
(piireinents. 

The statiunent of Stapp & Boktels (1931) that certain non-miero- 
cyst-formin^JC Cytojdia^ui strains were unable to luaintain theni- 
sel\ (^s in pure culture and were dependent on the presenee of »synibio- 
tic» bacteria luay be interpreted in a similar way. 

In the case of mierocyst-forminp: (^ytopha<ta strains (Jj^porocyto- 
pha^a accordinj? to Staniek (1940)) it is, however, known that they 
are lar^j^ely independent of added growth factors (in contrast to 
t^ellulomonas), probably beeaiise the ^rowth factors needed are 
readily synthesized by the bacteria themselves. 
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It was, nevertheleas, evident from maiiy of our experiments with 
sucli strains that oecasional contaminating baeteria eaused a eon- 
siderable iiicrease in the cellulose decomposition. In conneotion 
with this a rise in pll was often noted. 

Even if the possibility of a growth factor effcct could not be quite 
neglected here, it seemed inore probable that the positive effe(^t 
of other baeteria in oiir experiments was due to the rise in pH or to 
the removal of some unfavourable metabolic produet of a(‘id charae- 
ter. Some simple organic acid suggested itself, and determinations 
were made to examine this question. 

Formation of Acid in Cytophajja Cultures. 

It was obsorvod by Hutcuinson & Glayton (1919) that a volat ile aeid, 
prosurnably butyric acid, was formed in their cultures of »Spirochaota cyto- 
phaga». These findings were, nevertheless, doubtod by most later inv(*sti- 
gators working with related organisms. Winooradsky (1929) eonsiderod 
the prosonee of volatile aoids to be proof of the impurity of Cytophaga. 
He supposed that butyric acid forrning clostridia were present, but ho also 
admittod tliat tho reason why he got difforont resiilts inay have beon that 
Hutchinsots and Clayton used the »association Gytopliaga-coccus», whiclu 
in his opinion, was a mixed culture. Lator invostigations by Walkkr & 
Warbtgn (1938), Jensen (1940), Norman & IIartholomew (1940), Stanier 
(1942) and Foller & Norman (1943 a) failed to show any acid formation 
in cytophaga cultures. The strams studied were both microcystdorming 
and non-microcyst-forming. 

Regarding these investigatioiis some iincortainty (jxists on scivoral points. 
Thus iij many casos tlie cultures were admittedly not puro (Winooradsk v, 
Walker <fe Warren), which to a cortaiii extent must mvalidate the rcsults. 
The c-onditious under which the formation of acids vvas studied are in general 
not clearly described. Apparontly many of the results were obt aniod by iising 
(julture tiibos, which pennit only a limited baeteria! devolopinent. Hy iising 
such tubes we have also boen iinable to find appreciable amounts of acid, 
oxc.ept >n tubos with glucose as a subslrate. In this casc the residtii^jj: low 
])H value indicatod a considerablo formation of acid. 

The cultures of Fuller & Norman (1943 c) seem to liavo heen aeral(‘(l, 
which inay reduco the yieJd of acid. 

In puro cultures of other aerobic celIulose-<lecoraposing baeteria, how('ver, 
volatile acids havo freipiently been foiind (Simola 1931 p. 73, »Jejmsen 
1940, p. 550, Fueeer & Norman 1943 b p. 276). Tbus a formation of acids 
does not nocessarily irnply tlie presence of anaerobic baeteria, as WiNo- 
(i rads K Y su pposed. 

In our experiinonts with throo differont strains of dytophafjii wc 
could consistcntly find a certain aniount of volatile acid in fläsk 
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( ultures arranged as described in previous publications (FÅHRiEUS 
1941, 1947 p. 17 and 56). 

The kind of acid formed has not yet been definitely established. 
A recent qualitative examination by means of the adsorption tech- 
nique of Elsden (1946) indicates that inainly acetic acid and, in 
addition, small amounts of propionic acid are formed in cultures of 
two different strains of Cytophaga.^ HuTcmNSON & Clayton 
claimed that the acid observcd was butyric acid, althongh no con- 
(diisivc cvidencc was given. 

The quantitics formed are not as grcat as in the experiments of 
Hittchtnson & (-LAYTON. In preliminary trials witli Cytophaga 3 
an amount corresx)onding to 2 % of the eelhilose consnmed was 
obtained, if the acid was calculated as acetic acid, whereas 7—9% 
of the original eelhilose was converted to butyric acid according 
to Hutchinson & Clayton. 

The formation of acid in the cultures of ('ytophaga scems to have 
an unfavourable influcnce on the baeterial aetivity, irrespective of 
the question if the acid is a normal intermediate step in the degra- 
dation of cellulose or if it is a result of abnormal cultural conditions 
(shortage of oxygen). The adverse tlfect is partly due to the deerease 
in pH, but partly probably to the toxicity of the anion of the acids. 
Thus HvTCIllNSO^" & Clayton (1919) showed that the calcium salts 
of simple aliphatic- acids werc markedly inhibitivc to Cytophaga. 
Forma te and ac(date were partly inhibitory, i>ropionate and butyrate 
coinpletely inhibited the cellulose decomi)osition and growth in a 
concent ration of 0.1%. 


Main Experiment, 

On the.se groiinds it seemed logical to assume that baeteria capable 
of at;ta(*king fatty a(*ids woiild at the same tiine stimulatc the ccllu- 
los(‘ (lc»cornpositioii in C^yt.opliaga cultures by removing the acids 
formed in such cultures. Since tliis ability is rather common among 
baeteria, it will fnujucntly happen that also o(*casional contaminants 
cause an iii(;reased rate of cellulose decorni^osition. 

Hy iiKiaiis of cultures of known baeteria it should be f(‘a8ible to 
study this question inore aceurately. As a suitable associating 
organism we cliose Agrobacterium radiobacter (k)nn. This is an 
(‘xtremely wide-sy)read and versatile soil baeterium whieh is capable 
of using simple fatty acids as a source of carbon. It is very tolerant, 
of alterations in within wide limits and requires no organic, 
nitrogen source or s|)ecific growth faetors. The food requirement.s 
of this species seem to be very moderate on the whole. 

* My thankö aro due to Dr. Aiitjo Kaars Sypeateyn for these detorminations. 

11 — 48106 Kungl. Lanthrukshögskolans .4nnaZ<’r. Vol. 16 
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A fresh isolate from soil, »Eadiobacter 15», was used. The identity 
was ascertained by the metliods recominended by Hofer (1941). 
The arrangement of the experiiuent was as follows: 

300 ml erlonmeyer flasks containing 100 ml nutrient solutioii and 
500 mg cotton-wool were inoculated in 4 difftwnt ways: 

1) With Cytophaga alone, 2) with Cytophaga alonc at the start, 
with A. radiobacter after 30 days, 3) with Cytopliaga and A. radio- 
bacter at the start, 4) with A. radiobacter alone. 

The nutrient medium had the following composition. 


(NIT 4 ) 2 nP 04 . 

MgS()4 . THaO 

KCl. 

OaCla . 

Fe8()4. TH./) 
Mn 8 (J 4 .4H2O 
aq. dest. 


-i.i-» f; 

0.5 » 

0.5 » 

0.02 » 
0.01 » 
0.001 » 
1000 inl 


The temperaiure was kept at 30° C. Flasks were wit hdrawn for 
analysis after 10, 30, and 60 days, resx)ectiva'ly. K(*sidual eellulose 
was determined aceordirig to the procedure outlined in an earlier 
paper (Fåjir.eus 1947 p. 19). Volatile acids were didermined in 
the filtrate after distillation with steam. 200 ml fractions of the dis- 
tilläte were e()lle(*ted and titrated with NaOJl. The disiillation was 
eontimied until only a low constant amount of acid was tbund in tln^ 
distillate. The values given in the Table are calculated from the 
sum of NaOH oonsumed, the constant amount being subtract(Mi 
from each fraction. 

The results will be seen from Table 1. 


Table 1. DeeompoHtion of Cellulose and Formation of Volaiik 
Acids in CnUures of the Association Cytophaga—Agrobacterium Radio- 

hacter. 

Original Values: eellulose (cotton-wool) 480 mg/flask, pll 7.2. 


SerioH 

Celluloso rocoverod 
mg/flask 

Mcan 

valuo 

CVlIuloso 

consumorl 

pH moan 

i 

mK aoul/flask 

1 10 days 

374 374 359 369 386 

372 

108 

6.8 


2 » 

380 374 373 376 377 

375 

105 

6.9 


1 30 days 

199 202 195 210 199 

201 

279 

6.2 


2 » 

225 209 201 218 220 

215 

265 

6.4 


1 60 days 

125 119 129 J27 114 

123 

357 

6.1 

0.11 

2 » 

67 61 66 83 70 

69 

411 

6.2 

0,01 

3 » 

82 66 53 53 68 

64 

416 

6.3 

0.03 

4 » 

481 479 479 479 476 

479 

1 

7.1 

<0.002 
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Discussioii. 

It is evident from the figures obtained (series 4) that Agrobac- 
terium radiobaeter has not aitacked tlie eellulose, even afler 00 
days. At the same time, (-ytophaga has effected a eonsiderable de- 
e.omposition of (iellnlose. Jiowever, the eellulose deeompositiou 
Jias proeeeded still further in the preseiuie of both Cytophaga and 
A. radiobaeter (seri(*s 2 and 3). At an earlier date (30 days) there 
was no signifie-ant difference bet^een the series with (^ytophaga 
and ('yto])hagii—Uadiobae.ter, respeedively. 

If th(*, effeet on tJie rate of eellulose d(‘composition were du(‘ to 
growth substanees produeed by A. radiobaeter, the favourable 
influen<*e should AX^ry probably becotne apparent already at this 
stage. The results S(*em to agree better with the vww exj^ressed 
earlier: that A. radiobaeter exerts itspositmunfluenee by (‘liininating 
metabolie. i)roduets iinfavourable to (^ytophaga, prodiurts wliie.h 
do not reaeh an injiirious (‘oneentration until rather late. 

It may be s(‘eri from the Table that there is a eertain quaniity 
of volatile aeid present in the Oytophaga euitures but that tliis qiian- 
tity is greatly redu(‘ed in the mixed euitures. In a qualitative experi¬ 
ment in tubes with initially added ainounts of fornde, acetic, pro- 
pionie, biityrii; .and valeri<*. aei<l8 we liaxe been able to show that- 
fornnc*, pro])ioni(*. and valeric aeid slightly inhibited tlie growth 
of (Vt(»phaga already in a M/1000 soliition. This e.orresponds elosely 
t.o the (M)n('-entration in the coiitrol fläsks (series 1) after 00 days 
in the niain experiment. Aeetie and butyrie aeid were not inhib- 
iting in tliis (toue.entration. As long as the eulture liquid is not. 
analyzed in detail, it is impossibh» to tell Avhat mixtiire of aeids has 
been formed. It Avas m(‘ntioned earlier that a qualitative test gaAX^ 
aeetie and propionie aeid, but this needs further eoiifirmation. 

Anyhow, A. radiobaeter has obviously iised tlie a(*id as a food 
substanee, in this way rcmioving a prodiiet whieh is harmful to 
<\vtophaga, and indireetly stimiilating the eellulose deeompositiou. 

The differenees in iiH between tlie pure and tlie mixed euitures 
were smaller in this experiment t han wa s obserA^ed in inost eases. 
This seerns to indi(‘ate that the anion of the aeid is the limiting 
agent rather thaii the low jiH Aalue. Definite information on this 
point (‘an not be obtained from this experiment. 

We will not- enter hen», upon the possible significanee in soil of 
th(* association liere described. Beeause botli (\vtophaga and A. 
radiobaet ('T are a ery eommon soil organisms, the (xmditions neeessary 
for this ty])e of symbiosis s<*em to exist. lloAvcA^er, A\'e Iuiax* not 
looked for the presence of A. radiobaeter in crude euitures of Oyto- 
phaga. 

Agrobaet(‘rium radiobaeter is eommonly met Avitli in erude 
euitures of Azotobaeter. In eertain experiments Ave have found a 
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stimulating influonce of A. radiobacter on tlie nitrogen fixation 
by Azotobacter, in accordance witli earlier investigators (Beijerinck 
& VAN Delden 1902), but our results ha ve been very irregular, and 
so far wo have been unable to find a plausible explanation of these 
findings. As the source of carbon (glucose, mannitol) used in these 
experiments was available to both organisms, there should very 
probably exist a competition rather than a symbiosis, unless some 
growth factors produccd by A. radiobacter are involved. 

Stoklasa (1908, p. 20) supposed that Azotobacter is inhibited 
in old cultures through the formation of acids (acetic, butyric acid), 
and it might be suggested that also in our experiments A. radio¬ 
bacter improves the medium by remoAung these acids. In our ex¬ 
periments, however, the pH decreased still more after inociilation 
with A. radiobacter, although a stimulation of the nitrogen fixation 
could sometirnes be noticed. 

Summary. 

1. Some cases of symbiotic relation8hix)S bet ween cellulose-de- 
composing and olher organisms have been dcscribed in the literature. 
Apart from associations between cellulose-decomposing and nitro- 
gen-fixing baeteria, it ajipears as if growth factors play an imx>ortant 
part in most instances. 

2 . There oceurs sometirnes a stimulating action by ordinary 
baeteria also on certain Gytophaga strains which, howexw, seem 
to be largely self-supporting in respect to growth substances. It 
is assumed that in this partieular case harmful metabolic produets 
formed in the process of cellulose decomposition are removed by 
the accompanying baeteria. 

3. Determinations carried out confirmed the statement of Hut- 
CTTTNSON and Clayton (1919) that Amlatile acids may be formed in 
('Jytox)haga (jultures. 

4 An experiment was arranged in which Agroba(‘.terium radio¬ 
bacter Conn was inoeulated together with a Cytophaga strain in 
fläsks with mineral medium and cellulose as the sole source of car¬ 
bon. A. radiobacter, which is unable to us(‘, cellulose, caused an 
inereased cellulose decomposition as c-ompared with control cul¬ 
tures with Cytophaga alone. At the same time a decrease in the, 
amount of volatile acids could be noted (Tab. .1). It was also found 
that the growth of Cytophaga was adversely affeeted CA^en by 
very small amounts of some volatile acids. These results seem to 
support the view that volatile acids arising in the Cytophaga cul¬ 
tures reduce the rate of cellulose decomposition. Ägrobaeterium 
radiobacter utilizes the acids formed, which causes an inereased 
cellulose decomposition. 

5. Certain results obtained in exi)eriments with the association 
Azotobacter—^A. radiobacter are diseussed. 



Agrobacterium Radiobacter Conn as a Syinbiont 


165 


Literature Cited. 

Bkijkkinck, M. W. & VAN Delden, A.: t)ber clie Assimilation des freien 
Stickstoffs durch Bakterien. Zbl. f. Bakt. II Abt. 9, 3—43, 1902. 

Elsden, S. R.: The application of the silica gel partitiori chromatogram to the 
estimation of volatile fatty acids. Biochem. Journ. 40 ^ 252—256,1946. 

FÅHRiEUS, G.: Wirkung von Glukose auf die Zellulosezersetzung einiger 
C/ytophaga-Arten. Zbl. f. Bakt. II Abt. 104, 264—269, 1941. 

— Studies in the collulose decomposition by Cytophaga. Symb. Bot. 
Ups. IX: 2, 1—128. 1947. 

Fuller, W. H. & Norman, A. G.: (a) Characteristics of some soil cytopliagas. 
Journ. Bart. 45, 565—572, 1943. 

- (b) Celluloso decomposition by aerobic mesophilic bacteria from soil. 

I. Isolation and description of organisms. Ibid. 46, 273—280, 1943. 

— (c) Cellulose decomposition by aerobic mesophilic bacteria from 
soil. 11. Biochemical studies on filter pa])er and cellulose preparations. 
Ibid. 46, 281—289, 1943. 

Harmsen, G. W.: Onderzoekiiigen ov'cr de aerobo celliiloseontleding in den 
grond. Diss. Wageningen, 1—229, 1946. 

Hofek, a, W.: a characterization of Bactorium radiobacter (Beijerinck 
and VAN Delden) Lohnis. Journ. Baet. 41, 193—224, 1941. 

Hutchtnson, H. b. <& Clayton, J.: On the decomposition of cellulose by 
an aerobic organism (Spirochaeta cytophaga, n. sp.). Journ. Agric. 
Sci. 9, 143—173, 1919. 

Jknsen, II. L. & Swaby, R. J.: Nitrogen fixation and cellulose decompo¬ 
sition by soil microorganisms. 1. Proc. Linn. Soc. N. S. W. 65, 543— 
556, 1940. 

II. Ibid 66, 89—106, 1941. 
in. Ibid. 66, 239- 249, 1941. 

Norman, A. G. <fe Bartholomew, W. V.: The action of some mesophilic 
bacteria on cellulose. Proc, Soil Sci. Soc. America 5, 242—247, 1940. 

Sanborn, J.: Physiological studies of association. Journ. Bact. 12, 343- 353, 
1926. 

SiMOLA, P, E.: tJber den Abbau der Gellulose durch Mikroorganismen. 11. 
Ann. Acad. Sci. Fenn., Ser. A 54, No. 6, 1—115, 1931. 

Stanier, R. Y.: Studies on the cytopliagas. Journ. Bact. 40, 619—634,1940. 

- The Cytophaga group; a contribution to the biology of Myxobacteria. 

Bact. Revs. 6, 143—196, 1942. 



166 


Gösta Fåhrseus 


»Stapp, c. & Bortels, H.: Mikrobiologisohe Untersuelmiigen ubor dio Zer* 
setzung von Waldstreu. Zbl. f. Bakt. II Abt. 90, 28 -66, 1934. 

Sto KLAS A, J.: Beitrag zur Kenntnis der chemisohon Vorgängo bei der Assi¬ 
milation dos c-dementaren Stickstoffs durch Azotobacior imd Radio- 
bacter. Zbl. f. Bakt. Il Abt. 2], 484 509, 620—632, 1908. 

Walker, E. & Warren, F. L.*. Decomposition of cellulose by Oytophaga. 
I. Biooliem. Journ. S2, 31 -43, 1938. 

WiNOGRAnsKv, S.: Étndos sur la tnicTobiologie du sol. IV’. Sur la dc^grada- 
tion de la cellulose dans le sol. Ann. Inst. Pasteur 13, 549- 633, 1929. 


MS. received Di-c. IVtli, 1948. 
Pniited Mareh 2l8t, 1940. 



THE ANNALS OF THE ROY AL A(iRICULTURAL COLLEGE OF SWEDEN 

Vol. 16. 


Digestion Experiments with Dried Beet Food 

Mixture. 

By 8TURE ERIKSSON. 

From the Imtitute of Animal Nutrition. 


Introduction. 

SiiKiO 1941! the Swedisli Supir JVJanufaeturin^»: Compaiiy has pro- 
diKHMi a dried beet food mixture madt‘ up of beet-pulp, niolasses, 
and prot(*in offall from tlie supir manufael iiriiig process. The water 
content of the mixture has been about 90%. The beet-protein ob- 
tained from tlie xiress-jiiicT of the beets contains, in the oriranic mat¬ 
ter, about 30% of protein. In the first year three types of the mix- 
t.ure were made: i) beet food mixture MP e.ontaininij 71.1 % of beet- 
pulp, l!2.1!°o of molasses, and 0.7'‘o of bwt-i)rotein, 2) beet food 
mixture MPK eontainin^ 04.4% of beet-pulp, 22.2% of molasses, 
0.7 “o of beet-protiun, and 0.7 % of clialk offall, and 3) beet food mix¬ 
ture MK eontainiii^ 71.1 % of beet-pulp, 22.2 % of molasses, and 0.7% 
of ehalk offall. Since 1943, howevTr, only one typc has been made, 
but the coiupositiou has varied from one year to another as well as 
from one manufa(*tory to another. The content of molasses has been 
about 35%, but the content of beet-i)rotein has varied witli the 
supply. In 1947 it amouiited to about 3.5 

Olsson and Jakl (1945) carried out di^estion trials with <*ows 
Uvsin^* the beet food mixtures manufactured in 1942—1943. The 
di^estion c()('fficients of the protein wen» very low, especially in the 
beet food mixtures of 1912. For the beet food mixture MP of 1942 
the di^(‘stion (‘oefficient of the protein amounted to only 48.4. Ac- 
cordin^^ to the digestion <*o(dTicients ^^iven by Axelsson (1918) only 
for th(‘ prot(un of tlu* included beet-])ulp and niolasses, a di^estion 
codTicient of (»1.8 would have been ex])ect<‘d. In the beet food mix¬ 
ture MIH\ (»f 1942 the coefficient was 52.3, and that calc.ulated from 
beet pulp and molasses 92.2. The c*oeffi(*ient of tlie beet food mix¬ 
ture MP of 1943 >\as, on the other hand, as hi<j:h as 99.7 in the trials, 
but 93.7 if (ialculat.cd from b(*et pulp and molasses. 
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In consequence of adding beet-protein to the mixtare of beet 
pulp and molasses, it would liave been expected that the digestiori 
coefficients of Olsson and Jarl should in all cases havo been higher 
than those calculatod from only beet-pulp and molasses, as the con- 
tent of protein in the dry matter is then increased. According to 
Axelsson (1940 and 1942), such a rise causes an incroase of the di- 
gestion cocfficient. As instead the coefficients of Olsson and Jarl, 
on an average, were lower than those calculated from beet-pulp and 
molasses, the added beet-protein would have been without nutritive 
value. If these coefficients are right, the artificial drying of th(‘ 
mixture would have decreased the digestibility of the protein. 

Further, the differences between the digestion coefficients of th(‘ 
protein in the threc beet food mixtures treated by Olsson and Jari. 
seem to have been too great to depend only on the small differences 
between the Chemical composition of the mixtures. Thus, an anal¬ 
ysis of varianee gives an F-value of 15.0. As the value is 6.94 at 
the 5% and 18.0 at the 1% point, the differences between the coef¬ 
ficients are too great to justify a calculation of their average. Also 
because of this circumstance, it is not possible to draw condusions 
from the results. 

To treat this problem more thoroughly, digestion experiments with 
two wethers, A and B, were carried out at the Tnstitute of Animal 
Nutrition. The wethers were of Swedish Land Breed and the weight, 
in the course of the experiments, varied between 58 and 67 kg. The 
experiments were (»arried out in three series, the first one from Sep¬ 
tember 1946 to April 1947, the second one from Jleeember 1947 to 
April 1948, and the third one from June to July 1948. Tlie total 
number of experiments amounted to 38. At th(% same time som(‘ 
other problems were treated, the results of which will be given in 
another paper. 


Methods. 

In each trial the basal ration consisted of (*hopped clove.r hay, an 
amount of 0.8 kg being fed per wether and day. in tbe se(iond part 
of each trial the quantity of hay was reduced to 0.4—0.6 kg, and an 
amount of 0.25—0.50 kg of the beet food mixture was added. The 
preliminary period embraced 10 days and the collection period 12 
days. At the beginning of each trial the feeds were w^eighed out in 
day portions. The wethers were fed twice daily. Before the feeding 
of the beet food mixture it was moistern^d with water. Once a day 
in the collection period the faeces were collected and dried at a teni- 
perature of 50—60 Centigrades. At the end of each experiment the 
total amount of the dried faeces was weighed and sampled. In the 
analysis of feeds and faeces standard procedures wen* followed. The 
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statistical treatment of the data has been based on the general prin- 
ciples laid down by Snedecor (1946). 

The Digestion of the Rations. 

The Chemical composition of the hays and the beet food mixtures 
of tlie three series is given in Table 1. 

Table 1. The Chemical Componition of the Hays and the Beet Food 

Mixtures. 


Seriös 

Experiment 

numbor 

Food 

Composition of the dry mattor j 

protein 

ether 

extraet 

N-froe 

extraet 

j orude 
fiber 

ash 

1 

1 and () 

j Clover hav. 

14.4 

2.1 

44.0 

30.3 

9.2 

II 

7 and 17 

» » . 

14.9 

3.7 

43.1 

28.8 

9.5 

111 

18 

» ») . 

14.9 

1 2.4 

43.4 

31.4 

! 7.9 

J 

; 2-^5 

food mixture 

11.3 

0.5 

00.4 

12.1 

' 9.7 

11 

, 8—1(> 

' » » )) 

12.9 

. 0,8 

65.9 

12.5 

; 7.9 

Ill 

19 

1 » » » 

12.9 

. 0.8 

j 65.9 

12.5 

7.9 


As is se(m, there were only small differences between the liays and 
iho> bec‘1 food mixtures of the three series. 

The amounts of the feeds and the digestion coefficients of the ra¬ 
tions of each of the 38 experiments are recorded in Table 2. 

As wether A, in most of the trials, proved to have higher digestion 
coefficients than wether B, the differences between tlie coefficients 
of the nutrients in each pair of experiments were calcnlated. The 
averages of the differences together with the standard deviations 
(S. I).) of the averages and the t-vahies are given in Table 3. The 
vallies are given for the liay rations and for the liay r beet food mix¬ 
ture rations as well as for all the rations. 

This table shows, tliat wether A tended to digest the nutrients in 
the rations better thaii the wether B. However, this tendency was 
more iironounc.ed in the hay rations than in tlie other rations, and as 
most of the t-values are smaller than the 5 % level, and the others lie 
between the 5",;, and the 1 % levels, the difference between the coef- 
fidents c.annot^ be regarded as significant. In other trials wether B 
digested the nutrients of hay better than wether A. 

The Digestion of the Beet Food Mixture. 

In the two first series, the digestion coefficients of the beet food 
mixture were caleulated for each wether from the average of tlu» 
digestion coefficients of the two hay rations. In the third series 
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Table 2. Amounts of Feeds and Digestion Voeffieients of Ratiom 

in the Experiments. 


Experiment 

numbor 

j 

Wethor 

1 Dry matter per 

1 wether per clay, 

1 P 

1 

Digestion roeffieierits 


1 

1 

clover 

hay 

beet 
i food 
jmixture 

organie 

rnatter 

protein 

eiher 

extract 

N -froe 
extra et 

erude 

fiber 

1 

A 

682 


68.4 

71.5 

43.4 

76.7 

56.7 

] 

B 

682 

— 

66.5 

73.2 

42.6 

74.9 

52.8 

0 

A 

082 

— 

66.6 

70.1 

42.8 

74.9 

54.5 

r> 

B 

682 

— 

66.1 

71.2 

44.8 

73.9 

54.0 

7 

A 

694 

— 

67.3 

70.6 

72.2 

72.7 

56.8 

7 

B 

694 

— 

64.0 

66.2 

51.0 

71.9 

52.5 

17 

A 

694 

~ 

66.7 

69.8 

66.3 

74.9 

53.0 

17 

B 

694 

— 

64.6 

69.1 

60.8 

74.3 

48.3 

18 

A 

694 

— 

64.2 

69.7 

40.2 

72.9 

51.4 

18 

B 

694 

__ 

64.2 

68.9 

39.0 

73.0 

51.8 

2 

A 

433 

225 

75.0 

69.2 

33.3 

85.0 

59.5 

2 

B 

433 

225 

74.7 

71.4 

32.4 

84.2 

58.7 

3 

A 

433 

451 

78.6 

72.2 

28.8 

87.9 

61.3 

3 

B 

433 

451 

78.2 

75.5 

28.8 

87.1 

59.8 

4 

A 

513 

218 

73.7 

72.0 

31.4 

82.3 

59.6 

4 1 

B 

513 

218 

74 5 

74.8 

35.8 

83.4 

58.4 

f) 


344 

435 

80.7 

72.1 

14.3 

88.7 

67.0 

f) 

B 

344 

435 

79.6 

72.4 

15.4 

87.8 

1 64.3 

8 

‘ A 

359 

465 

80.2 

73.9 

27.4 

88.5 

66.2 

8 

i B 

359 

4()5 

80.1 

74.0 

29.0 

88.8 

64.8 

9 

1 A 

359 

465 

79.8 

73.5 

29.2 

88.6 

64.2 

9 

1 B 

359 

465 

79.6 

72.4 

30.4 

88.8 

1 65.5 

10 

A 

359 

465 

81.9 

76.1 

38.7 

89 0 

1 70.2 

10 

B 

359 

465 

76.7 

67.7 

26.8 

85.6 

62.7 

11 

A 

359 

465 

78.6 

70.7 

33.3 

87.7 

62.7 

’ 1 

B 

359 

465 

77.7 

69.6 

36.9 

86.2 

61.8 

12 

A 

359 

465 

78.2 

70.6 

39,3 

86.6) 

64.0 

12 

B 

359 

465 

78.3 

70.5 

39.3 

87.4 

61.9 

13 

A 

359 

465 

79.8 

71.9 

38.7 

88.2 

65.8 

13 

B 

359 

465 

80.1 

72.8 

44.6 

87.1 

69 1 

14 

A 

359 

465 

79.6 

72.1 

42.9 

87.6 

66.1 

U 

B 

359 

465 

79.8 

72.4 

44.6 

87.8 

66.3 

15 

A 

359 

465 

79.7 

71.0 

50.0 

87.9 

65.8 

15 

B 

359 

465 

79.5 

70.2 

48.2 

87.8 

65.8 

16 

A 

359 

465 

79.5 

71.0 

47.6 

88.3 

64.1 

16 

B 

359 

465 

79.5 

71.0 

49.4 

87.9 

65.2 

19 

A 

359 

465 

80.2 

74.2 

24.8 

87.7 

67.8 

19 

B 

359 

465 

78.3 

75.5 

19.8 

85.4 

65.2 


oiily onc hay ration was included. The resiilts an* in Tabk^ 1. 

As tlie oontent of the etlier (‘xtracd in the beet food mixtnni was 
vcry low, most of the difrestion eoefficients of this snl)stance wen* 
negative. Therefore these eoefficients are not given. 
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Table 3, The Differences between the Digestion Coeffieients of the 
Eations of the Wethers (A — B). 



Numbor 

of 

differ- 
oncos ] 

Organic 

mattor 

Protein 

Ethor 
ex t rart 

1 N-froe 

1 extraet 

Crude 

fiber 

Hay rations. 

Averago difforenoe. 

.5 

1.5(5 

i 

0.02 

5.34 

0.82 

2.60 

S. D. of tho avorage ... 


0.59 

1.00 

4.14 

0.31 

1.00 

^‘Value. 


2.04 

0.58 

1.29 

2.05 

2.45 

Hay 1- hcvl food mixture 
rations. 

Averago differonct». 

14 

1 

I 

0.57 1 

1 

1 

! 0.02 

i -0.12 

0.02 

1.00 

»S. D. of tho avorage . . . 


0.33 

0.74 

1.17 

0.33 

0.00 

<-vahiP. 


1.73 

0.03 

1 

0.10 

1.88 

1.58 

AU ratiouft. 

Av^erago djffon^uoo. 

19 

0.88 

0.18 

1..32 

i 0.67 

1.39 

»S. 1). of tho avorago . . . 

[ i 

0 33 i 

0.00 

1.43 

0.25 

0.58 

/*valuo. 

1 

1 

2.03 

0.30 

0.92 

2.09 

2.40 


t-valuo8 at V of: 0.0r> 0.01 

4 degreoa of froedom 2.7S 4.00 

13 »> » .) 2.10 3.01 

18 » » » 2.10 2.88 

Iri th(* firsl sories of oxjM*riiiu‘iits, mentioned above, tlie amourit 
of boet food luixture was 0.25 kg in soine of tlie trials and 0.50 kg in 
tli(* rest. Neither between t hese two ainoimts nor between the three 
scTies were the diff<nene(‘s bidween the digestion coeffieients of the 
nntrients .signifi(‘-ant, as the analysis of variance in Table 5 shows. 

As to all the nntrients of the two ainounts, and as to the organic 
inatt(‘r of the thre<‘ series, the inean sqnares of the individiials are 
greater t han t hose of the means, the corresponding F-values being 
t hus lower t han 1. If therefore tlie reciprocals of the F-values are 
taken and t In* dt?gre(ss of freedoni reversed, it will be seen, that these 
values are insignificaiit. Of the other three F-values of the series 
oiily that of (Tud<‘ fiber exceeds th(‘ 5% point, 8.3S. As the (*orre- 
s])onding value of the 1 point is 5.57, the difference eannot be (*on- 
sidered significant. This nssult was to be exjieeted, as the clover hay 
and the b(‘et food mixture liad about. th(‘ same (‘hemieal eomposi- 
tion in tlu^ thrcM» series, lliuiee, all the experiments have been treated 
t oget her. 

In Table 0 the a.verag(‘ digestion coeffieients of the beet food inix- 
ture and the standard deviations (S. T).) of the experiments and of the 
averages in each W(dher are given. 

The tabh* shows, tliat the differeuces between tlie digestion (^oef- 
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Table 4. Digestion Coefficients of the Beet Food Mixture. 


Experiment 

number 

Wethor 

' 

Digestion coefficionts 


organic 

mattor 

protein 

N -f roo 
oxtract 

crude fiber 

2 

A 

89.6 

65.0 

95.9 

75.6 

2 

B 

90.9 

69.3 

95.7 

82.6 

3 

A 

89.4 

74.0 

94.7 

74.2 

3 

B 

89.8 

79.6 

94.2 

74.3 

4 

A 

88.4 

75.6 

91.1 

84.5 

4 

B 

93.6 

83.1 

96.1 

88.9 

5 

A 

91.2 

73.3 

94.1 

90.7 

5 

B 

90.0 

72.5 

93.4 

86.9 

8 

A 

90.3 

77.1 

93.3 

86.4 

8 

B 

92.1 

79.6 

94.7 

90.7 

9 

A 

89.5 

76.5 

93.6 

80.7 

9 1 

B 

91.2 

76.6 

93.7 

92.6 

10 1 

A 

93.2 

81 3 

94.7 

97.4 

10 i 

B 

86 1 

67.6 ; 

89.9 

84.8 

11 

A 

87.4 

1 71.1 

92.6 

76.5 

11 

B 

87.9 

' 71.3 i 

91.4 1 

86.2 

12 1 

A 

86.8 i 

! 71.0 

91.2 

80.1 

J2 ! 

B 

88.9 i 

i 73.0 

93.2 1 

82.4 

13 

A 

89.6 

73.5 

93.5 

85.1 

J3 ' 

B 

92.2 ! 

77.3 

93.1 1 

102.6 

14 1 

A 

89.1 

73.8 

92.9 

88.1 

14 

B 

91.7 j 

76.6 

94.2 1 

96.9 

15 j 

A 

89.4 ! 

71.8 

93.8 ; 

87.2 

16 i 

B 

91.0 

72.5 

94.3 

95.3 

16 

A 

89.0 1 

71.6 

94.2 i 

82.4 

16 

B 

91.1 

73.8 

94.5 

9 3. K 

19 

A 

92.6 

78.1 

95.1 1 

99.8 

19 1 

B 

89.3 

1 

81.5 

91.5 1 

91.2 


Table 5. Analysis of Variance of the Digestion Coefficients of the 
two Ämounts and of the three /Series. 



Degrees 

Moan 

squares of the coefficionts 

Sourco of variation 

of 

freodom 

organic 

mattor 

protein 

N-froo 

oxtract 

crude 

fibor 

Amount means. 

1 

0.55 

5.12 

0.72 

3.64 

Tndividnals. 

F-values. 

6 

2.79 

0.20 

36.24 

0.14 

3.04 

0.24 

52.06 

0.07 

Series means. 

2 

1.74 

29.53 

3.65 

179.30 

Individuals. 

25 

3.54 

17.29 

2.17 

47.33 

F-values. 


0.49 

1.71 

1.68 

3.79 
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Table 6. Average Digestion Ooefficients of the Beet Food Mixture 
and Their Standard Deviations, 



Niimber 
of expe¬ 
riments 

Organie 

matter 

Protein 

N-free 

extraet 

Cnide 

fiber 

Wether A, 

Average digestion eoeffieients 

14 

80.7 

73.8 

93.6 

84.9 

S. D. of the experiments . . . 


].75 

3.90 

1.37 

7.60 

S. D. of tho av^erages. 


0.47 

1.04 

0.37 ' 

2.03 

Wether B. \ 

Average digestion eoeffieients 

14 

90.4 

75.3 

93.6 

89.2 

S. D. of the experiments .. . 


1.93 

4.03 

1.69 

7.13 

S. D. of the averages. 


0.52 

1.24 

0.45 

1.91 

Average of the wethers. 

Digestion eoeffieients. 

28 

90.0 

74.6 , 

93.5 

87.1 

8. D. of the experiments ... 


].85 

4.27 

1.51 

7.56 

S. D. of the averages. 


0.35 

0.81 

0.29 

1.43 


ficient» of tho two wtd hors werc too small i o be significant. Further, 
tlie standard devdations of the digestion eoeffieients showed practi- 
e.ally the same value in tlie two wethers. Therefore the average 
<lig(^stioii eoeffieients of the trials with the two wethers have been 
eahaxlated and giv(m in the table. It is to be seen that the digestion 
eoefficient of the nitrogoii-free extraet shows the sinallest standard 
deviation. Then follow the (‘oeffieients of organie matter, protein, 
and cnide fiber. Thiis the standard deviation of the eoeffieient of 
erude fib(^r is about 5 tirnes greater t han that of the eoeffieient of 
th(‘ nitrogen-free extraet. 

The amonnt of mcdabolizable energy of the beet food niixtnre ean 
be ealenlated by using the faetors of Axklsson (1941). This ealeula- 
tion gives an aiiiount. of 2 980 keal of metabolizable energy per kg 
of dry matiter. Th(* anioimt of digestible protein was 93 g per kg of 
dry matter. At a. dry matter <*oiitent of 90%, eaeli kg of the beet 
food mixture e.ontaiiis 2 ()S3 keal of metabolizable energy and 84 g 
of digest ible protein. 

The Kxperiiiiental Errors in Comparison with Those 
of the Indicator Method. 

^Ve.eording to table 0, the dig<\stion eoeffieient of the protein of the 
beet food mixture in the 28 trials amounted to 74.0. Tliis eoeffieient 
is higher than those in the trials by Olsson and Jarl (loe. eit.) as 
well as those caleulated from the ineluded amounts of beet«pnlp and 
molasses, and therefore the adding of beet-protein had inereased the 
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digestibility of the protein in tlie beet food inixtiire, a depressing 
effect of the artificial drying not being at hand. 

As the average coefficients of the protein in the mixtiires used 
in the trials by Olsson and Jarl were not calciilated, as stated in 
the introdiiction, the variance of the difference between eaeh of these 
eoeffieients and that of the present investigation (see table (i) was 
eahnilated. The foUowing t-values were obtained: 1) for tiie beet 
food mixture MP of J942 (2 trials) 8.38, 2) for the beet food mixtiirc^ 
MPK of 1942 (2 trials) 7.40, and 3) for the beet food mixture MP of 
1943 (3 trials) 3.08. As the t-value at the 1% level was only 2.70, 
all the three differenees were significant. Thus, th(* eoeffieients of 
Olsson and Jarl eannot express tlie digestibility of the protein of 
the beet food mixture used in the present investigat ion. 

In this eonneetion it is of interest to (^aleulate the number of ex¬ 
periments ne(*essary for drawing eondusions, with a (Huiain degree 
of eertainty, as to the digestibility of the nutricnits of individual 
feeds when tlu^ eoeffieients are ealeulated by differen(‘,e. Th(»refore, 
in Table 7, the 0.99 fidueial interval has been given for the nutrients 
by means of the variance of the 28 trials in the i)resent inv(\stigation 
at a different number of trials and degrees of freedom (I). F.). 


Table 7. Fidueial IntervaU oj the DigeMion Coeflieients of the Beet 

Food Mixture, 


Numbor of 
experiments 


Tlu' 

mtervals of the coofficwnt 

8 of 

criule fiber 

D. F. 

organic 1 

matter | 

protem 

N-froe 

oxtra('t 

3 i 

1 2 

! 

77.3—102.7 : 

4r>.2 -104.0 

83.2—104.0 

3.5.(L-139.2 

5 

4 

1 85.8— 94.2 ; 

(»5.0— 84.2 

90.2— 97.0 

70.0- 104.2 

10 

9 

88.0-~ 92.0 1 

70.0— 79.2 ; 

92.0— 95.2 

79.1— 95.1 

20 

19 

88,8— 91.2 i 

7J.9— 77.3 ' 

92.0— 94.(i 

82.2 — 92.0 

40 

1 39 

89.2— 90.8 : 

72.8 - 70.4 i 

93.0- 94.2 : 

83.9 90.3 


The table shows, that at 3 trials (2 1). F.) the 0.99 fidueial interval 
is too wide to draw any definite conelusion as to the digestibility of 
the nutrients, espeeially with regard to jnotein and erude fiber. For 
exarnple such eonelusions as Nordfeldt, Jarl, and JIelt.eday 
(1943) have drawn from two trials with eaeh of 4 eompared silages 
are not justified. The silages were made from gn^m erops with 
ncarly the same Chemical eomposition, and different methods wen* 
followed at the ensiling. The average digestion (*.oeffieient of thc^ or- 
ganie matter of the silages amounted to 63.4, 64.9, 64.1, and 62.1. 
The greatest differenees between these eoeffieients was only 2.8 
units, and thus no conelusion ean at all be drawn as to differenees 
in digestibility between the silages. That Edin’s indieator rnethod 
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(with (^1203 as a clue siibstance) was uscd, did not change this fa<d, 
bocaiise the accuracy of this method has been overestimated, as the 
treatment carried out by Jarl (1946) shows. In this case, oach 
trial cmbra(;ed a 12 day collecdioii period, but the faeces wer(>s sampled 
and analysed from subperiods of two days when the experimental 
feed was inc^luded in the rations. The varianee of the eoefficients of 
the whole ration in these. subj)eriods was treated as being obtained 
in single digestion Irials when the, signifieanee of the diffenme.e be- 
tween tlie digestion co<'ifie.ients of the two kinds of feed-eellulose was 
estimat(Kl, though these e-oeffi(*ients were ealculated by difference. 
Only two trials were earried out with eaeh kind of e-ellulose. The 
digestion e^oeffieients of the organic matter amounted to 85.2 and 
83.4 in one kind of e-ellulose, and to 85.9 and 85.8 in the other. The 
above diseussion shows that the difference betw^een the average 
eoeffidents of the tw^o kinds of (‘ellulose eould not be significant. 
However, as Jarl in tlie analysis of vaTian(‘e used the v^arian(*e of 
the 24 subp(Tiods instead of that of the 4 trials, he obtained an F- 
value greater than th(‘ 3% point. How(‘ver, in th(^ first pla(;e it is 
to be noted tliat Jarl <lid not use the varianee of the digestion eoef¬ 
ficients of the organic matt<‘r of the experimental feed-s in the sub¬ 
periods, beeause lu» could not deteriniiie the digeslibility of the basal 
ration in these subp(‘riods. Therefore, the varjance was too small. 
Further, the varianee of the digestion coeffidents of the subperiods 
can only b(‘ us<m1 iii a detcuaniiiation of the necessary length of tlu^, 
collectiou ])eriod, as Ethn (1926), and FjDIN et al. (1929) ha ve pointed 
out. Jarl, tlierefore, made two fundamental errors in his calcula- 
tioiis, causing the results to be misleading. Thus, in a very high 
degree, h(* underestimated the experiment al errors. 

In reality, the indi(*ator method — at least in the trials at the 
Animal h]xperiment Station — gives greater experimental errors 
thaii those occiimng in the ])resent investigation. As an example 
th(* standard deviations have been ealculated in eaeh of the experi¬ 
mental feeds used by Jarl (194ti) in three differenee-trials. The 
standard deviations and tluår averages are given in table 8 together 
with those of tht‘ present investigation (reduced to 3 experiments). 

It seems, that all of Jarl\s standard deviations wHU‘e greater than 
tliose of the j)resent investigation. In organic matter, N-free extraet, 
and crude fiber, Jart/s standard deviations were aboiit twi(*.e as 
great, as t-hose of the j)resent inva^stigation. The relatively small 
average standard deviation of the protein in Jarl’s trials may be 
diie to the high protein content in some of the feeds. IlowTver, on 
the wiiole, the experiniental errors were niuch greater than those of 
the dire(it method. 

As table 7 shows, a relatively great number of trials is necessary 
for drawing definite conclusions from the results. If a fidiicial in- 
terval of 5 units and a t-value of at least that of the 1 % level can be 
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Table 8. Standard Deviations of the Experimental Feeds of Jael 

{1946). 


Feeds 

Page in 
Jarl's 
paper 


Standard deviations of 


organie 

matter 

protein 

ethor 

extract 

N-free 

extract 

crude 

fiber 

Linseed oil cake. 

35 

2.28 

1.35 

1.67 

1.57 

17.73 

Kape seod oil cake. 

38 

4.27 

2.32 

0.59 

4 04 

16.70 

Miistard seed oil meal.... 

40 

1.65 

0.93 

7.23 

2.41 

11.41 

» » » » .. .. 

41 

5.80 

2.25 

0.00 

3.80 

29.04 

Poppy seed oil cake. 

46 

1.33 

0.69 

0.71 

3.37 

7.14 

Oil cake mixture. 

48 

1.00 

0.17 

2.01 

2.33 

7.94 

Linseed chaff. 

56 

0.91 

1.92 

4.18 

2.82 

1.97 

» » . 

56 

2.12 

0.84 

1.10 

2.27 

3.28 

Clover chaff. 

58 

0.17 

1.42 

1.75 

3.47 

3.46 

Whole Oats. 

72 

7.39 

6.63 

10.93 

8.42 

10.00 

Crushod oats. 

72 

7.60 

4.31 

3.42 

7.55 

17.56 

Coarsly ground oats. 

72 

4.98 

7.58 

2.20 

3.75 

13.86 

Medium d » . 

72 

2.67 

8.35 

6.43 

2.47 

16.63 

Finely » » . 

72 

3.75 ! 

15.73 

4.78 

2.61 

17.65 

Whole barley. 

77 ! 

7.61 

9.19 

14.22 

7.30 

38.77 

Crunhed barley. 

77 

8.35 

14.75 

14.80 

5.99 

31.76 

Coarsly ground barley.... 

77 

8.27 

12.59 

4.82 

5.89 

42.16 

Medium » » .... 

77 

6.65 

9.46 

2.50 

5.22 

30.54 

Finely » » .... 

77 

1.21 

3.41 

3.41 

2.21 

47.57 

Average standard deviations .... 

4.11 

5.47 

4.57 

4.08 

19.22 

S. 0;8 of the present investigation 

2.22 

5.13 

— 

1.82 

9.09 

JARi/s S. D. in % of the other .. 

185 

107 

— 

224 

211 


considered satisfactory, 8 trials are to bo oarriod oul for drawinp 
coiiflusions as to the difjestiori of organic niatlor and X-froo oxtra<.t, 
but trials as to protein, and 63 trials as to crude fil)er. lIow<‘ver, 
if tln! content of crude fiber in tlie dry niatter of the experiinental 
feed is higlier than in the beet food inixture, Ihe standard deviation 
of the digestion coefficient of this substance decreases, and lliere- 
fore ttie number of trials can then be diininished. 

If the standard deviations in Jarl’s experiments should be re¬ 
presentative of liiDiN's indi(‘ator inetliod, the number of trials ne- 
eessary for drawing conelusions as to tlie digestion of the nutrients 
in individual feeds would be inueh greater than that just rnentioned. 
I\itb tlie fiducial interval and t-value given abov'e, tlu* number of 
trials would ainount to 18 as to organie matter and nitrogen-free 
extract, but to 26 as to protein, and to 263 concerning crude fiber. 
The high number of trials for the crude fiber partly depends on the 
very low content of crude fiber in some of the féeds. Thus, it is 
clear that drawing conelusions from differences between digestion 
coefficients of 2—3 units, when only 2—3 trials have been carried 






















J^jgoHlioii Experiments wiih Driecl lioet Food Mixturo J77 

out, is not jnstified though this has generally been the case at the 
Animal Experiment Station. 


Siiiniiiiiry. 

In tliis paper the resiilts of 28 digestioii experiments uitli a ))eet 
food mixture e.ontaining beet pulp, molasses, and beet protein from 
the press-juice of tlie sugar beets an» given. The mixture was dric^l 
artifieially and contained about 90 7o of dry matter. The dry matter 
contained 11.3—12.9% of protein, 0.5—0.8% of ether extraet, 

65.9— 66.4% of N*free extract, 12.1—12.5% of erude fiber, and 

7.9— 9.7 of ash. Two wethers were iised in the digestion experi¬ 
ments. On an average the protein was digested to 74.6%, the N-free 
extract to 93.6%), tlie (a*ude fiber to 87.1 and the organic matter 
to 90.0%,. Of the eiher extract notliing was digested. The adding 
of beet-protein increasi^d tlie digestion c.oefficient of the protein in 
the mixture. Each kg of the dry Jiiatter of the jiiixture contained 
2 980 ke.al of metabolizable energy, and 93 g of digestible protein. 

A eomjiarison based on the exjierimental errors of the digestion 
<*.oeffiei(*n1 sliowed tliat the direct. metliod used in the present in- 
visstigation ga ve mudi more reliable results than Edin^s indicator 
mtdhoii used by Jaki. in the Animal Experiment Station. At a fi- 
diielal int(‘rval of 5 units for the digestion c.oeffieients, ealculated 
by diff<*ren(‘(‘, and a t-valu(» of at least that of Ihe 1 % level, 8 trials 
would be re(juest(*d for drawdng eonelusions, in individual k^eds, as 
lo the digestibility of organic nialter and N-free extract, but 22 
trials as to protein, and 63 trials as to erude fibt*r. The corres})Oiiding 
number of trials in Ei>tn\s indicator metliod would be 16, 26, and 263. 
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Preface. 

The present investigation was begun in 1934. 

It would never have reached fruition had it not been for the generous 
support I reoeived from the Royal Swediah Academy of Agriculture (Kungl. 
Lantbruksakademien) during the years 1942-1945 by moans of the Berg¬ 
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laboratory work. I, therefore, wish to extend iny sincere thanks to the 
Royal Swedish Academy of Agriculture for the economic and moral support 
they have so graciously accorded to my work. 

Further, I am indebted to the Chemical Institution and the Library of 
the Royal Agricultural College of Sweden (Kungl. Lantbrukshögskolan) 
for much valuable advice and help at the hands of their various officials, 
especially during the twelve years 1934-1945, when I was working on this 
problem at the College. 

Especially I wish to thank Professor Olof Svanberg, Director of the 
Chemical Institute, for his in valuable aid in disciissions and advice, and 
for allowing me to use the oquipment of the institnto and a hay inventory 
material of aboufc 500 samples, which was gathered for a previous investiga¬ 
tion of sugar in hay (Svanberg & Ekelund 1943). 

1 would also express my appreciation of the many intoresting discus- 
sions with Dr. Folke Nydahl, whose advice concoming analytical and 
storage methods proved of great value. 

My thanks also go to Dr. Hans Egnér for his invaluable help and 
advice especially in apparatus problems. 

Dr. Lars Frykholm, Head of the College Library, and Miss Astrid 
Guilletmot, Library Assistant, have greatly facilitated iny library studies, 
and to them also I tender my sincere gratitude. 

I am ^urther indebted to Miss Carry Humler and Miss Barbro Ek, 
who have carried out most of the technical work. 

Last but not least I want to tliank Mr C. Monta(ju Evans, M. A. (Cantab) 
for the trar.slation of my Swedish manuscript into Knglish. 


I. Introduction with a few theoretical definitions. 

This is a third investigation for obtaining methods to detennine, 
glucides (carbohydrates) in hay and other feeds, and in foods; and 
to elicit more knowledge of the glucides in hay and of the faetors 
affeeting the contents of different glucides in hay. 

The first investigation was published by Svawbero & Ekelund, 
1943 (in Swedish, with a summary in German), and the second by 
Bkeltod, 1946 (in Bnglish). 
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In the second treatise the Chemical and nutritional conceptions 
of glucide are discussed. (Ekelund 1946, pp. 240-245). The term 
total sugar (free+combined sugar) is also employed here. In order 
better to define total sugar (free-hcombined) quantitatively, two 
new words are now proposed: totossj meaning total sugar (free -H 
combined), calculated as monosaccharides; and totosan, meaning 
total sugar (free+combined), calculated as sugar anhydrides or 
polysaccharides. 

In the same way toihexosc will denote total hexose (free -f- combined) 
calculated as monosaccharides, and tothexosan will denote total 
hexose calculated as sugar anhydrides or polysaccharides. 

Totpentose thus denotes total pentose (free + combined), calcu¬ 
lated as monosaccharides, and totpentosan denotes total pentose 
calculated as sugar anhydrides or polysaccharides. 

This invcstigation will aim at attaining metliods for estimating 
totosan, tothexosaii and totpentosan. An attempt will also be made 
to divide tothexosan into groups, and to use all the methods for 
making an inventory of Swedish hays and other feeds and foods. 
The investigation is made with Chemical metliods from the view- 
point of nutritional chemistry. 


II. Purity of the glucidc preparations used. 

The purity of tlic glucide preparations was examined in different 
ways. In this investigation the same sugar preparations were used 
as in the foregoing (Ekelund 1946), and the rotation of polarized 
llght was then deterinined. The results are given on p. 282 of the 
previoiis investigation mentioned. 

The purity of the glucide preparations and sugar alcohols was 
also examined by determining the dry matter (2 torr ovor P 2^6 
65^" C for 5 h, and the figiircs are given in Table 1 (p. 184). 

In the polysaccharide preparations determinations of ash and 
(‘rude protein (6.25 N), were also made. The cotton preparation 
used was defatted by a prolonged ethyl ether extraction (6+6h). 
In the sugar preparations fat was iieither removed nor determined. 
In the case of starch it was impossible for me to obtain a filtrate 
that was free from starch, controlled by iodine reaction, so I only 
estimated the content of fat and fatty acids (free-f combined) to 1% 
(Tollens and Elsnek 1935, p. 564). All the figures are given in 
Table 1 (p. 184), where also estimated pure glucide is given as the 
remaindcr. Lehrman (1942, 1945) showed that fatty acids asso- 
ciated with starch are jirobably adsorbed, and that 80% dioxane in 
water solution (constant boiling mixture), but not ether, removes 
all the fat and fatty a(*ids. 
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Table 1. The impurities of ihe glucide preparations med. Moisture 
was determined hy drying for 5 h at 65^ C below 2 torr (compare with 
Samec 1927^ pp^ 105—107), Fat-\-faUy acids in starch not determined, 
ihe figure is taken from Tollens & Elsneii 1935, p, 564, see text. 
Ooncerning spedfic rotations of ihe sugars see also Ekelund (1946) 
Tab. 14, p, 282. (- signifies no detcrmination.) 


Gluoide preparations 

% 

moisturo 

- 

% 

6.26 N 

. 

/o 

asti 

% 

fat + 
fatty 
acidH 

remainder 

Spocific 
rotation 
% of value 
from li- 
teruturo 

Glucose . 

0.2 




99.8 

100.5 

MannoBe. 

0.2 

—. 


— 

99.8 

98 

Galactose. 

0.6 

— 

— 

— 

99.4 

98.0 

Fruotose.. 

0.1 

— 

— 

— 

i 99.9 

100 

Sorbose.| 


— 

— 1 

_ 1 

— 

100.9 

Xylose. 

1 0.2 

— 

— 

1 

99.8 

io:i 

Arabinoeie. 

— 

_ 


1 

— 

99.7 

Maltose, 1 aq.' 

1 — 

1 — 

— 

i 

— 

100.1 

Lactose, 1 aq. 

, — 

— 

— 

, j 

— 

99.7 1 

Sucroso .. 

i — 

. 

— 


— 

99.9 , 

Starch, rice, Kahlbaum' 

10.5 

I 1.7 

0.3 

1 ' 

80.5 

... 

Cotton, (lefattcd. 

j 4.0 i 

0.0 

0.0 i 

0.0 i 

90.0 


Innlin, Kahlbaum.... 

8.8 i 

0.0 

0.0 1 

0.0 1 

91.2 1 



III. Determining redose (reducing sugar) in hay. 

All the hay samples were ground in a Wiley (1925) inill (Fif?. 1 
p, 185) to pass a sieve with 1 mm holes, 

2.000 g of the sample was boiled in a 100.0 ml measuring flask 
with 30 ml water. Proteins, etc., were prccipitated at once by add- 
ing 10.0 ml of 0.25 M Pb(OCOClf 3)2 solution. The liquid was boiled 
again, cooled to room temperatnre and diluted to 100.0 ml. The 
volume of the undissolved part of the hay was not accounted for. After 
mixing, the liquid was filtered through a dry folded filter (SeJihdcher 
& Schiill 588) without washing. From the filtrate 75.00 ml were 
taken for determining redose by the M-redose method (Ekelund 
1946, p. 275: Reagents and their dosage, p. 276; Process of deter- 
mination, p. 291; Table for calculation redose). (Wise & McCam- 
MON 1945: sodium glucuronate, etc. Appling, Ratliff & Wise 
1947: dl-xylose, dl-galactose.) 

In this way the sugar seems to be completely extracted, but the 
error caused by proteins and amino acids seems to be larger than by 
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Fig. 1. WiLEY mill (WlJKSTRÖM VXir)), 


extractiiiK for 6 li wilh 80% ethyl aleohol in Twisselmaisn (1923) 
apparatus Fi^. 2 . (p. 186). 

By eloc*trical lieatiiifr the aleohol »olution is boiled in (a). The hot 
vapoiirs pass around (b) the 8am])le in a eellulose filter (d). The 
sainple is covertMi by a piec.e of cottoii (c). The vapours pass the 
tube (^) to the reflux eondenser (f). The aleohol solution then drops 
baok throu^yh the opeu eoek (e), and 1hrou^:^h the sainple, and back 
into the flask (a). 

Wheri the extraetion is finislied the stop cock (e) is closed and the 
aleohol solution is retaiiied in the container (h). (When the appa- 
ratus is nsed for ethyl (^ther extraetion the ether is retained in the 
same way, wlihili is very safe from fire hazards.) 13urin{? the wliole 
extraetion the sainple is kept at the boiling point of the solu¬ 
tion. Af ter the extraetion, proteins, etc., are precipitated witli 
Pb(()COCH 3)2 solution, as af ter the decoction with water. 

By the Twisöelmaivn extraetion described above there is not so 
much protein, etc., diSKSolved, and 1 obtained figures for redose eontent 
that were 0.4-0.5% smaller (absolute %). As the differenee seeined 
to be very constant and the water extraetion method used is much 
simpler, only water extraetion is used in the foUowing. 

PoppoFF (1943 b) extraets the feeding stuffs with 95% aleohol in 
the presence of CaCOg to prevent suerose being hydrolysed, and 
AOAC (1945) preseribes extraetion with 80 % aleohol in Soxhlet 
apparatus in the presence of (WO 3 . Others also, sueh as Hassid 
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Fig. 2. Twisselmann extraction opparatus (Wijkstbc>m 1940). 

(1936) and Heinze & Murneek (1940) extract with 80% alcohol. 
MacMasterh et al. (1941) extract with 75% alcohol, 

The method used here to precipitate extraneous suhstances of 
protein with Fb(OOOOH 3)2 has been inostly used because it is very 
wide-spread, Basic lead acetate, on the other hand, is unsuitable 
because, as shown by Saywell & Phillips (1934) and van der 
Plank (1936), it is ablo to precipitate fructose. In a x>revious in- 
vestigation (Ekelund 1946) it was demonstrated tiiat it was un- 
neoessary to precipitate a sUght excess of lead (e. g. with Ka 2 C 204 ), 
as prescribed by Saywell and Phillips (1934), and others. 

Doak (1939) States that Cd(OH )2 is as effective a protein preci- 
pitant as basic lead acetate, but does not precipitate fructose. Lun¬ 
din & ÖHLiN (1930) precipitated protein with HgS 04 . These methods 
have not been tested in this treatise. 
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An apparently elegant solution of the problem, unfortunately 
not tested in this treatise, is to remore amino acids and certain 
other substances with ion excbangers (Seebiå 1947). This author 
found that all reducing substances left behind in the solution after 
the prescribed treatment with ion exchangers are substances re- 
moved from the solution by yeast. 

The determining of redose in hay without preceding inversion has 
been found to be of very low value from the nutritional point of 
view. The sum of sugars is much more interesting. 


IV. Determining inredose (redose after inversion) 

in hay. 

The inversion made in the first treatment in this series (Svan¬ 
berg, Ekelund 1913) is a little too weak. It is not qnite certain 
that all the sucrose is inverted (Table 2, below). It is not so repro- 
ducible as one could wish. Furthcrmore AOAO (1940, p. 495, chap- 
ter XXXrV, 24, o) gives a method for inversion at room temperature 
that is more reproduciblc. Small deviations in the procedure do 
not appear to have rnueh effeet on this inversion method. 

As this inversion method seems very suitable, I will take it up 
for study in this (^hapier. 

The AOAr method preseribes the use of 10 ml of IICl (Sp. gr. 
1.1029 ai 20/4'') to 50 ml solution, but I have used 10.00 ml of 6.00 
N H(U (instead of 6.33 N HGl). When there is no esx>ecial reason 
for uneven eoneentrations T prefer to use standardized reagent con- 
eeiitralions. 


Table 2. Examhiatwn of ihe svrrose inversion after Svanberg & 
Ekelund (194ii). 40 ml solntion-\-7 ml 2.0 N HCl was boiled for lj2 
min vte, then neutralize.ä. 


ing 

Ruomso 

nig 

1 (’U2() 

ing rodoso 
lourul 

mg SUCTOHO 
found 

(0.09 rodorto) 

mg sucroso 
found minus 
woiglunl ! 

% 

losaos 

40.1 

91.1 

39.4 

39.0 

-1.1 i 

2.8 

60.1 

; 135.1 

59.0 

B8.4 ; 

-1.7 

4.2 

80.2 

1 179.7 

' 79.6 

78.8 i 

i -1.4 i 

1.8 

100.2 

217.4 

97.4 

96.4 ; 

! -3.8 

3.8 

120.3 

1 261.1 

118.4 

117.2 i 

i -3.1 , 

2.6 

1G0.4 

1 335.5 

: 155.4 

153.9 ! 

i -6.5 i 

4.1 
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1. Experiments with fructose. 


At first the effect was tested on pure fnictose, as fructose is very 
sensitive to acid medium. Table 3 (below) shows the result, namely 
that fructose had a little lower reducing power after the treatment 
and a tendency to lower reducing power the longer the treating 
period. The losses are not so great as to make it impossible to cor- 
rect them. The loss in reducing power is perhaps partly due to the 
same causes as those responsible for the low yield of reducing power 
from inulin (see p. 194). 


Table 3. The reducing power of fructose after 24-72 h in LOO N HCL 
(50.0 ml fructose Solutions 10.00 ml of 6.00 N ECl.) 


mK 

fructose 

h at 

20° C±2 

mg CU 2 O 
found 

mg rc'doso 
foimd 

mg fructose 
found 

(1.00 redose) 

Errors 

mg 

% loSSOH 

(means) 

50.4 

24 

102.4 

44.4 

48.4 

- 2.01 


101.0 

24 

201.9 

90.0 

98.2 

—3.2 

1.7 

150.4 

24 

300.9 

138.0 

150.4 i 

i ± 0 . 0 ) 


51.4 

48 

103.5 1 

44.8 

48.8 

-2.6 


100.9 

48 

203,4 

90.7 

98.7 ! 

_ 2 . 2 ! 

2.0 

151.5 

48 

300.4 j 

137.8 

150.2 

-L3| 

1 

1 

50.8 

72 i 

103.1 

44.6 

48.6 

-—2 2) 

1 

100.6 

72 

201.9 ! 

90.0 

98.2 

-lU 

: 2.3 

151.1 

72 

297.6 

1,36.3 

148.7 

- 2.41 

1 


2. Experiments with sucrose. 

The next step was to invert sucrose at different concentrations of 
HCl during 24 h at 20° 04 2, in order to test if it be possible to 
have a concentration of 1.00 N HCl instead of 1.05 N. Table 4 
(p. 189) shows the result as being good, and Fig. 3 (p. 189) shows the 
course of the inversion. It is peculiar that the reducing power should 
become stronger than calculated, in spite of the fact that fructose 
alone loses a little of its reducing power. 

It seems to be a fact that inverted sucrose reduces a little more 
than the stoichiometrically calculated medium between glucose 
and fructose. This was found in the previous investigation (Eke¬ 
lund 1946, p. 297, Fig. 19) but was not coiisidered as settled. T 
now therefore calculate wdth the “M-redose quotient” 0.99 instead 
of 1.00 (Ekelund 1946, p, 286), and with the empirical rcduction 
curve: 

Sucrose ^ ^ ^ 

= 0.4200+0.000106 CuoO 
CuoO 2 
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Table 4. Inversion of sucrose by treating for 24 h at 20° C±2 at 
different concentrations of HCl. See Fig, S* 


Normality 

mg sucroso 

mg CU 2 O 

mg rodose 

mg sucrose 
found 

mg sucrose 
found minus | 

! of HCl 

1 

weigbed | 

found 

found 

(0.Ö9 rodoso) 

woiglied I 


0.12 

1 160.1 

170.3 

76.2 

74.4 

- 75.7 

0.13 

j 150.0 

203.4 

90.7 

89.8 

- 60.2 i 

0.23 

i 150.1 

264.1 

119.9 

118.7 

-31.4 : 

0.26 

; 150.0 

283.8 

129.3 

128.0 

- 22.0 

0.44 

i 160.1 

318.2 

146.7 

145.2 

- 4.9 ; 

0.60 

150,0 

323.7 

149.4 

147.9 

- 2.1 

0.64 

160.1 

328.7 

151.9 

150.4 

4- 0.3 ; 

0.72 

150.0 

326.3 

150.7 

149.2 

- 0.8 

0.83 

150.1 

329.3 

152.2 1 

1 150.7 

4- 0.6 

0.92 

. 160.0 

329.4 1 

152.2 

j 150.7 

4* 0.7 

1.00 

160.1 

325.7 

150.4 ' 

148.9 ! 

- 1.2 

1.11 

150.0 

330.8 i 

153.0 i 

151.5 1 

4- 1.5 

1.16 

150.1 

328.3 

151.7 

150 2 

1 4- 0.1 

1.30 

' 150.0 

331.5 

153.3 i 

1 151.8 1 

4- 1.8 1 

1.47 

150.0 1 

332.6 

1 53 9 

' ].'52.4 

4“ 2.4 1 



Fig. 3. Sucroso hydrolysis with different coneentrations of HCl for 24 h at 20' C>. 

Soe l'able 4. 
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Table 5. Inversion of suorose hy treating for different periods of time 
at 20° C±2 mtJh 1.00 N HCl See Fig. 4. 


h at 

20® C±2 

mg sucrose 
weighed 

mg CUfO 
found 

mg redose 
found 

mg sucrose 
found 

(0.99 redoae) 

mg sucrose 
found minus 
weighed 

2 

150.1 

193.1 

1 

86.9 

i 

i 86.0 

-66.1 

4 

150.1 


123.0 

1 121.8 

-28.3 

7 

150.1 

312.9 

144.0 

1 142.6 

- 7.5 

20 

150.1 

328.9 

152.0 

1 150.6 

-f 0.4 

24 

150.1 


163.6 

! 162.1 

-f 2.0 

48 

150.1 

330.7 1 

162.9 

151.4 

-f 1.3 

96 

150.1 

330.5 ! 

152.8 

; 151.3 

+ 1.2 



100 % 


"I-r 

4t 72 96h 

hours m f.o® N HCl at 20^C 


Fig. 4. Sucrose hydi’olysia for differont poriod» of tim€5 with 1.00 N H(1 at 20''C. 

Seo Table 5. 


The inversion was also investigated by varying the time of treat- 
ment with constant concentration of 1.00 N (Table ö, above, 
Fig. 4, above). 24 h was shown as suffieient time for complete inver¬ 
sion, It was also shown that 1.11 N HCl eould eomplete the inver¬ 
sion after 16 h (Table 6, j). 391). 
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Table 6. Inversion of sucrose by treating for different periods of time 
at 20^ C±2 with Lll N HCl. 


h at 

20® C±2 

mg sucrose 
weighed 

mg CuaO 
found 

mg redose 
found 

mg sucrose 
found 

(0.90 redose) 

mg sucrose 
found minus 
weighed 

2 

160.0 

230.3 

103.6 

102.6 

-37.5 

4 

180.0 

296.7 

136.4 

134.0 

-16.0 

7 

160.0 

322.1 

148.6 

147.1 

- 2.9 1 

16 

160.0 

331.7 

153.4 

161.9 

-f 1.9 1 

20 

160.0 

331.3 

163.2 

161.7 

“f 1.7 j 

24 

150.0 

328.4 

1 161.8 

160.3 

-f 0.3 i 

48 

160.0 

330.2 

! 152.7 

161.2 

+ 1.2 


Tablo 7. Inversion of sucrose hy treating for 24 h at 20^ C±2 with 
1.00 N B CL ,See Fig. 6. 


rng sucrose 
weighed 

mg (JufO 
found 

mg rodose 
found 

mg sucrose 
found 

(0.99 redosc) 

0.99 rcdoso 
mim K 

sucrose 

weighed 

mg 

mg sucrose 
found 

(O. 42 OOCU 2 O 
+ 0.000 106 
CJugO*) 

mg sucrose 
fo\md 
minus 
weighed 

20,0 

47.6 

20.4 

20.2 

^ +0.2 

20.2 

+ 0.2 

40.0 

92.9 

! 40.2 

39.8 

i -0.2 

40.0 

±0.0 

60,0 

138.0 

60,4 

59.8 

j -0.2 

60.1 

+ 0.1 

80.0 ) 

180.4 

79.9 

' 79.1 

1 -0.9 

79.2 

-0.8 

100.0 

226.1 

101.6 

100.6 

1 +0.5 

’ 100.6 

+ 0.6 

120.0 

270.3 

122.9 

121.7 

1 +1.7 

121.5 

d 1.6 

1 160.0 

1 350.4 

162.9 

161.3 

i +1.3 

160.1 

+ 0.1 

1 200.(» 

1 426.9 

202.7 

200.7 

+ 0.7 

198.3 

-1.7 


Finally, I repeated a series of inversions from my former investi- 
gation and thus I could verify the above empirical equation (Table 
7, above). 


3. Process of determining inredose. 

The deeoction or extraetion is made in the same way as for deter- 
mining redose. If both redose and inredose are to be determined, 
5.000 g of the saniple is boiled in a 250.0 ml measuring flask with 
75 ml of water. The preeipitation of proteins and the like is made 
with 25.0 ml of 0.25 M Pb(OCOCH 3)2 solution, and the liqiiid is 
diluted at room temj^erature to 250.0 ml. To 50.00 ml of the filtrate 
are added a few drops of thymol blue solution (grind 0.1 g thymol 
sulfophtalein together with 2.15 ml 0.1 N NaOII and dilute with 
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water to 100 ml). 6.0 N HCl is added to red colour (pH ca. 2); there 
is needed about 0.9 ml of the acid. Then the sugar is inverted by 
adding 10.0 ml of 6.0 HCl and allowing it to stand for 24 h at a 
temp. of 20® C ±2. After that it is neutralized with 10.0 ml of 6,0 
N NaOH, diluted with about 4 ml of water, and the entiro quantity 
is regarded as a 75 ml solution of invert sugar, and analyzed by 
means of the M-redose method. The whole hydrolysis is made in 
the same 400 ml beaker, which is used for the determination of 
redose after the inversion. 

The redose found after such inversion will henceforth be called 
inredose (redose after inversion). When determining inredose in 
hay, we may calculate with the old “M-redose quotient’^ 1.00, in- 
stead of the new 0.99, as the error hereby made is very small com- 
pared with other errors. If we give the sugar per cent without a 
decimal figure the error is unimportant. 


4. Mixtures of sucrose, glucose and fructose. 

Hitherto the “inredose method^’ is discussed only in its use for 
sucrose Solutions. Before it is used on hay the method must be 
studied in its behaviour on somc other glucides and mixtures of 
glucides. 

At first the method was used for determining sugar in mixtures 
of sucrose, glucose and fructose (TabJe 8, below). When much fruc¬ 
tose was present the results calculated as inredose were too low and 
when much glucose was i)resent the results were too high. This 
may partly depcnd on the smaller reducing power of fructose and 
partly upon the sensitivity of fructose in acid medium (Table 3, 

p. 188). 


Table 8. Control of the determination of inredose in mixtures of 
sucrose and glucose or fructose (24 h 1,00 N HCl at 20"^ C±_2), 


r 

' mg sucrose 
! weighed 

mg glucose 
weighod 

! mg fructose 
weighed 

mg sugar 
weighed 

mg CugO 
found 

-- - ^ - 

mg rodoH<i l Inredose (re- 
found or i dose) minus 
inredose | sugar mg 

1 50.4 


102.3 

152.7 

314.2 

144.7 

-8.0 

i 100.3 

— 1 

101.6 

201.9 

411.0 

194.2 

-7.7 

; 51.0 

— 

50.5 

101.5 

216.8 

96.2 

-4.7 

' 101.2 

— 

50.0 

151.2 

320.8 

148.0 

-3.2 

: 60,6 

51.0 

— 

101.6 

229.1 

103.0 

+ 1.4 

! 50.4 

100.5 

— 

150.9 

330.1 

152.6 

+ 1.7 

1 101.5 

101.9 

— 

203.4 

430.5 

204.5 

+ 1.1 

1 100.2 

52.1 

““ 

152.3 

331.8 

153.5 

+ 1.2 
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5. Hay with sucrose added. 

The method was then used for determining inredose in a sample 
of hay with and without added sucrose. As may be seen from 
Table 9 there was found a little too much sugar in most cases, but 


Table 9. Determining inredose in a decoetion of 1.000 g of timothy 
hay (precipitated with lead aeetate) with different quantities of sucrose 

added. See Fig. 5. 


mg sucrose 
added 

mg Cu 20 
found 

mg redosB 
or inredose 
found 

mg inredose 
found minus 
sucrose added 

De via tion from 
70.0 mg C 

0.0 

153.8 

67.6 

67.6 

-2.4 

0.0 

152.9 

67.2 

67.2 

-2.8 

20.7 

199.9 

89.1 

6S.4 

-1.6 

40.2 

24S.4 

109.8 

69.6 

— 0.4 

42.5 

246.6 

111.3 

68.8 

-1.2 

60.4 

2H8.1 

131.6 

71.2 

+ 1.2 

60.6 

2S9.6 

132.4 

71.8 

+ 1.8 

1 80.8 

326,0 

150.5 

69.7 

-0.3 

j 82.1 

333.3 

154.2 

! 72.1 

+ 2.1 

100.5 

371.6 

173.7 

73.2 

+ 3.2 

100.8 

371.0 

173.5 

> 72.7 

+ 2.7 

120.7 

407.7 

192.5 

71.8 

+ 1.8 

! 122.2 1 

412.6 

1 195.1 

72.9 

+ 2.9 

i 141.1 

445.2 

1 212:4 

71.3 

+ 1.3 i 

; 141.6 

448.8 

214.3 1 

! 72.7 

+ 2.7 ! 


^ Botw(»£*u 200 aii<l 300 mg r<»aiilts uro oxpectod to be most correct 

aiul thereiore the inean of tho five inrodoso values (in italics) from CU 2 O 
weights ])etween theae two weights as <‘onaiderod as a correct value. 


• iee Table 7 
*see Table 9 



Fig. 5. Deviations on d(‘tormiiiing inredose in inixtures of hay and sucrose. 
The line drawn indicate^s tho errors made hy iising the simplified equations in 
ealculating sucrose from redose. 
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it depends, at least for half the part, on the use of the simpUfied 
oquations in calculating sucrose from redose. This oaoses losses on 
low contents and gains on high. But perhaps there is some other 
cause for the half of the deviation (Fig. 5, p. 193). 


6. Inulin and other polyfructosans. 

As inulin like sucrose is very easily hydrolysed there was good 
reason for “determining inredose’^ in inulin. Table 10 (below) and 
Fig. 6 (p. 195) show that 24 h treatment with 1.00 N HCl at 20® C ±2 
was enough for complete hydrolysis. There is a loss of 6% but 
Jackson et al. (1929, 30, 31) have shown that after complete hydro- 
lysis with diluted acids there is 5.3% non-reducing difructosan. 


Table 10. Determining inredose in inulin and hydrolysis experiments 
with inulin. Treating at 20"^ C±2 for 24 h of 182.6 mg inulin dry 
matter (caleulated fructose 202.9 mg) with HCl of different concentra- 
tions. See Fig. 6. Gompare the losses teiik those in Table 3. 


Normal- 
ity HCl 

mg C112O 
found 

mg in- 
redoao 
found 

Inrodose 

minus 

inulin 

mgfructoao|mgfru(5to8el^ from 

found 1 found mi-! i i ^ i 
, caleulated 
(1.09 re- nus cal- | . 

' , ! ^ , 1 ' fructose 

. dose) ! eulated i 

% loss- 
inulin 
minus in- 
rodoae 

0.00 

6.9 




.... 



0.12 

224.8 

100.9 

-81.7 

109.9 

-93.0 

46 

45 

0.23 

335.1 

155.2 

-27.4 

169.1 

-33.8 

17 

15 

0.34 

364.4 

170.0 

-12.6 

185.3 

-17.6 

9 

7 

0.44 

367.6 1 

171.7 

-10.9 

187.1 

- 15.8 

H 

6 

0.55 

368.7 

172.2 

-10.4 

187,7 

-15.2 

7 

6 

0.74 

372.7 

174.3 

- 8.3 

190.0 

-12.9 

6 

5 

0.92 

373.5 

174.7 

- 7.9 

190.4 

- 12.5 

6 

i 4 

1,00 

372.4 

174.2 

- 8.4 

189.9 

-13.0 

6 

! 5 

1.00 

372.6 

174.3 

- 8,3 

190.0 

-12.9 

i 

1 ö 

1.08 

374.0 

175.0 

- 7.6 1 

190.7 

-12.2 

! 6 

! 4 

1.10 

373.8 

174.9 

- 7.7 

190.6 

-12.3 

6 

4 

1.24 

372.2 

! 174.0 

— 8.6 

189.7 j 

-13.2 

1 6 

! ^ 


If we calculate as inredose (= sucrose) iristead of as fructose we 
get a loss of ca. 5.5 % compared with weighed inulin. If we calculate 
all as redose or totose we obtain a loss of ca. 10%. 

TnuUn is insoluble in alcohol and is precipitated from solution by 
adding an equal volume of alcohol. Inulin Solutions are said to be 
precipitated by basic lead acetate (Flimmer 1926), but seem not to 
be precipitated by normal lead acetate (Tollens & Elsnee 1935). 

Irisin is also reported as being hydrolysed as easily as sucrose 
(Tollens & Elsner 1935). To what degree other polyfructosans 
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Fig. 6. Hydrolysia of invilin with difforent concentrationa of HCl for 24 h at 20'’ C. 

Sce Tablo 10. 

aro as easily hydrol 3 ^sed does not ajipear to be completely knowii. 
Polyfruotosans are said to oeciir in Phleum pratense, Phalaris arun- 
dinacea, Agrostis, Festuea, Triti(*um repens (Tollens & Elsner 
1935), Daotylis glonierata (Norman & Kichardson 1937 and 
McBary & SlätterY 1945), Agrostis tennis, Lolium iierenne, Pha¬ 
laris arundinaeea (VVeinmann & Beinhold 1946), Poa trivialis 
(Hawort et. al. 1937) and otlier grasses of less importance in Bweden. 
The polyfrnetosan of Poa trivialis is said to be easily hydrolysed. 

Archrold (1940) refers to many investigations whieh show the 
presence of polyfruotosans in Triticum repens, Phleum pratense, 
Agrostis alba, Phalaris arundinaeea, Eestuca, Calamagrostis, Avena 
elatior. Bromus mallis, Lolium italicum, Lolium perenne, llactylis 
glomerata, Poa trivialis, Secale, Avena, Triticum, Hordeum and 

13 — 48106 Kungl. Lanthrukshogakolana Annaler. Vol. 16 
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other grasses and plants of less importance in Swedish hay. Aech- 
BOLB also says that the polyfructosans (other than inulin) are ex- 
tremely easily hydrolysed by weak acids yielding almost entirely 
fruotose, and that they are readily soluble in cold water but inso- 
luble in aloohol (also in 80% alcohol, Arohbold 1938). They are 
said not to be predpitated by normal lead acetate, and seldom by 
basic lead acetate. Often the polyfructosans seem to contain a few 
per cent aldose (as perhaps inulin). 

Thus attention must be drawn to the polyfructosan content in 
hay. But we know little of how easily it can be hydrolysed, and 
whether all polyfructosans are or are not included in the inredose 
group, Perhaps we should reserve our judgenient concerning the in- 
vestigations mentioned above, as iu some cases only colorimetric 
determinations of polyfructosan after hydrolysis provide the basis 
for these results. But it seems probable that polyfructosans are in¬ 
cluded to about 95 % in the inredose figure determined as previously 
proposed. 

Archbold (1940) has referred to many papcrs treating poly¬ 
fructosans in monocotyledons (especially grasses) and I want to re- 
fer to his review for detailed studies of the problem of x>olyfructo- 
sans in hay. The results hitherto attained are all subject to some 
degree of error owing to difficulties in separating the products of 
hydrolysis of the polyfructosans from those of siicrose. It is not 
possible to effeot complete extraction of sucrose, fructose and glu- 
cose without removing some polyfructosan (even witli alcohol). 

At least a few polyfructosans are soluble in boiling 84^0 alcohol 
(Tollens & Elsneb 1938, p. 589). 


7. Lactose and maltose. 

Lactose does not occur in hay but it is treated together with mal- 
tose. The inredose inversion does not affect the redu(*ing power of 
lactose oi maltose (Tables 11 and 12 , p. 197). 

Table 13 (p. 198) shows that even boiling for 4 h with 0.64 N H 2 SO 4 
does not complete the hydrolysis of maltose. 

In Tables 13 and 14 (p. 198) the results of boiling disac^charides for 
2 h in 0.70 A H 2 SO 4 are given. This might in some cases be a pos¬ 
sible method for estimating sugar. (See p. 244, ‘‘maltredosan’’.) 


8. Errors in inredose determination on some pure glucides. 

We can sum up the results in the following synopsis, when we 
calculate the glucides as such and inredose as 1.00 redose after in¬ 
version. 
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Arabinose. 103% inredoBe 

Sucrose . 101 

Glucose. 100 

Xylose. 98 

Mannose. 96 

Inuliu. 95.5 (insoluble in alcohol, precipi- 

tated by basic lead acetate) 

Galactose. 90 

Fructose . 89 

Lactose, 1 aq. 63 

Maltose, 1 aq. 50 

Starcb. 0 (insoluble in cold water or alco- 

bol, precipitated by basic lead 
acetate) 

Cellulose . 0 (insoluble in water or alcohol). 


Table 11. Deiermining inredose in lactose, 1 aq. 


mg lactoso, 
acj woigliod, 
or totoao 
calciilatod 

- 

mg Cu 2 (l 
found 

mg inrt‘dose 
found 

luretlo>^c, m'» 
of calculötf d 
totose 

mg lactosp, 

1 uc] found 
(0.686 Cu20 
4-0.000028 
CuaO») 

mg lactose, 

1 aq found 
nanus weighed 

45.0 

64.9 

27.8 

62 

44.7 

-0.3 

45.2 

66.1 

28.3 1 

63 

j 45.5 

' +0.2 

75.0 

108.5 

47.1 ; 

; 63 

74.8 

-0.2 

75.3 

109.3 

47,5 

63 

75.3 

! + 0.0 

120.1 

172.3 

70.1 ; 

; 63 

119.1 

-1.0 

120.5 

174.1 

77.0 

64 

120.3 

-0.2 

150.1 

214.9 1 

96.2 

64 

148.7 

: : 

150.(i 

217.1 ! 

! 97,3 

64 1 

150.1 

— 0.5 i 


Table 12. Determining inredose in maltose, 1 aq. 


mg maltose, 

1 a<i weighed 
or calculatod 
totose 

ing CugO 
found 

ing inredoHO 
found 

Inredose, “o 
ot eniculated 
totose 

mg maltose, 
l aq found 
(0.857 . CiiaO) 

ing maltoso, 

1 aq found 
minus weighed 

45.1 

31.8 

22,1 

49 

44.4 

-0.7 

45.1 

53.2 

22.6 

50 

44.5 

-0.6 

75.2 

85.4 

36.8 i 

49 

73.1 1 

i -2.1 

75,2 

87.0 

37.4 

50 

1 74.5 j 

i -0.7 

120.3 

135.8 

59.4 

49 

116.2 ; 

, -4.1 

120.3 

138.6 

60.6 ' 

50 

118.8 

-1.5 1 

150.4 

171.3 

75.7 1 

50 

146.8 I 

-3.6 

150.4 

173.3 

76.6 i 

51 

148.6 ! 

-1.8 : 

161.5 

173.3 

76.6 1 

51 

148.6 ! 

1 -2.9 1 
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Table 13. Hydrolysing experiments mth mältose, 1 ag. 


mg mal* 
tose, 1 aq 

Boiling 

time 

h and m 

Normality 
of H 2 SO 4 

mg CU 2 O 
found 

mg redoso 
found or 
maltose. 

1 aq 

rag rodoso 
found mi¬ 
nus totose 
calculated 

% loss 

160.1 

1 

0.64 

295.0 

136.0 

-15.1 

10.1 

160.1 

2 

0.64 

313.7 

144.4 

- 6.7 

3.8 

148.8 1 

2 

0,70 

313.3 

144.7 

- 4.1 

1 2,7 

149.1 

2 

0,70 

313.1 

144.2 

- 4.9 

3.3 

160.1 

2:30 

0.64 

312.0 

143.5 

- 6.6 

4.4 

160.1 

3 

0.23 

302.0 

138.5 

- 11.6 

7.7 

160.1 

3 

0.44 

313.9 

144.5 

- 6.6 

3.7 

160.1 

3 

0.56 

^307.5 

141.3 

- 8.8 

6.9 

160.1 

3 

0.64 

314.1 

144.6 

- 6.5 

3.7 

150.1 

3 

0.74 

310.1 

142.6 

— 7.6 

5.0 

160.1 

3 

0.83 

309.6 

142.3 

- 7.8 

6.2 

160.1 

3:30 

0.64 

313.2 

144.1 j 

— 6.0 

1 4.0 

160.1 

4 

0.64 

313.1 

144.1 

- 6.0 

1 4.0 


Table 14. Hydrolysing experiments with sncrose and laetose, 1 aq. 
Boiling 2 h in 0.70 N 


Species of 
sugar 

mg 

sugar 

mg CU 2 O 
found 

mg rodoso 
iound 

1 

mg rodoso j 
found minus j 
calculutod ' 
totoso ' 

% loss 

j sucrose .... 

148.6 

307.8 

141.6 

-14,6 1 

10.2 

1 

148.9 

299.7 

137.4 

-19.0 ' 

12.8 

lactoso, 1 aq 

149.2 

1 307.3 

141.2 

— 9.0 

5.4 

» » 

149.2 

! 310.4 

142.8 1 

- 6.4 1 

4.3 


All those results are calculated on pure substances. In eertain 
mixtures small differenoes in the above percentages seem to appear. 

As we shall see later the inredose pereentage of hay does not exceed 
20 %, and if we assume that all the sugar would be fructose, the minus 
deviation would beeome 2. If all the sugar were mal t ose the minus 
deviation would be 10. 

If we make a group of sugar and polyfructosan we can estimate 
that the errors (caused by these glucides) in determining inredose 
percentage in hay may never exceed 1, as only very little maltose is 
found in leaves (Gast 1917). 

To this error is added that caused by foreign substances (Ekelund 
1946). This error can be partly estimated by determining redose not 
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sorbable by yeast. Several such determinations in hays have given 
about 1%. This does not mean that the error caused by foreign 
matter cannot exceed 1% as it is possible that foreign substances 
together with glucides reaet more than when they are alone. 

It has of ten been proposed to determine the sum of sugar, starch, 
dextrin, inulin and other glucides, which are as easily dissolved 
and/or as easily hydrolysed by enzymes. Weinmann (1947) uses 
takadiastase and then acid hydrolysis and finally determines redose, 
obtaining a figure higher than the combined amounts of sugar, poly- 
fructosans, dextrins and standi, all calculated as that amount of 
glucose possessing the same reducing power. Heinze & Muejseek 
(1940) use saliva for starch hydrolysis, carried out on the residue after 
sugar extraction. Strepkov (1937) divides up the more easily ae- 
cessible carbohydrates according to solubility in alcohol, cold water, 
warm (45° C) water and then uses diastase for hydrolysing starch, 
etc. 

The main objection to these methods is that too littie is known of 
the glucides determined in this manncr. This is a common error in 
methods including enzyme reactions. 


V. Inredose method in the control of losses in harvesting, 
storage and dry heating, 

Tliis chapter des(*Tibes some laboratory experiments, with the 
])rimary purpose of illustrating the usefulness of the inredose method 
in liarvesting and storage experiments. These experiments are not 
made to correspond to harvesting and storage in practice, only to 
caus(*. similar changes as in practice, 

1. Harvesting and storage experiment 1940. 

As the A^egetation year 1940 was very dry in Sweden Bromus 
inermis (awnless brome-grass or llungarian forage-grass), was ehosen. 
It was oiie of the few grasses available in pure stand that was well 
developed. The grass was taken from the banks of the river Fyris 
at Ultuna, Uppsala, in the east of central Sweden. 

Part of the fresh grass was analysed at once. It was cut in 1 cm 
ineces. Table 15 (p. 200) shows the »fresh analysis». The ash was 
not treated with water, and as the pieces of grass wcre large, the ash 
could not be(‘ome so free of carbon as in the usual analysis of hay. 

Pedose and inredose were determined on a decoction of the fresh, 
1 cm pieces. It seerns as though the decoction of such fresh pieces 
was not such an effective extraction as the decoction of dry hay 
milled to pass 1 mm sieve. 
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Table 16. Analysis of a fresh sample of Bromus inermis. 




% of fresh material 


% of dry matter 

Components 

individual determinations 







Means 

Means 


1 

2 

3 

Substance. 

100 

100 

100 

100 i 

346 

Dry matter. 

29.3 

28.5 

28.9 

28.9 

100.0 

Ash. 

2.54 

2.59 

2.61 

2.58 

8.9 

6.25 N. 

3.97 

3.99 

— 

3.96 

13.7 1 

Kedose. 

0.85 

— 

0.89 1 

0.87 

3.0 1 

Inredose.. | 

— 

— 

2.80 1 

1 

9.7 i 


A. Hot vacuum-drying, 

My intention was to dry a part of the sample in a vacuum-drying 
oven at 60° O. This drying did not succeod, however, owing to the 
water freezing to ice because the hot plate in the vacuiim oven did 
not conduet nor radiate sufficient heat to the sample in the vacuum 
so as to set off the cooling from evaporation. 

After an hour, therefore, the sample was transferred to a dryiug 
oven at 100° C. When the sample had been heated here and dried 
for an hour, it was transferred again to the vacmim oven for an hour, 
then left for an hour in the drying oven, this being done alternately 
for 14 h, and finally kept overnight in a elosed vessel over 

The next day the sample was ground to pass a 1 mm sieve. 

B. Analysis of the hot vacuum-äried sample, 

The sample was analysed. In Table .16 (x). 201) is also given as a 
comparison the composition of the fresh 8amx)le in percmtage of 
dry matter together with the hot vacuurn-dried sample’s composition 
in percentage of the dry matter in the fresh sample (‘‘fresh dry 
matter^’). Finally the reduction of the differeiit (komponent parts 
expressed in percentage of “fresh dry matter” is given. 360 g fresh 
sample gave at drying 100 g dried sample, and thus 346.0 g would 
have given 96.2 g dried sample. In Table 16 the results in the first 
column have been multix)Ued by 0.962 to give the third column^s 
results. 


C. Losses hy hot vaeuum-drying. 

During the drying 4.5% of the ‘‘fresh dry matter” disappeared, 
and also 2.5 % of the crude protein. Unless purely analytical errors 
have intervened, it would be reasonable to suppose that volatile 
nitrogen compounds evaporated at drying. 
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Table 16. Analysis of a hot vacuum-ä/tied Bromus inermis sample^ 
compared with the fresh sample analysis. 


Components 

Hot vacuum- 
dried. % of 
tiie sample 
or dry mattor 

Hot vacuum- 
dried, % of 
»fresh dry 
mattor» 

Fresh sample, 
% of »fresh 
dry matter» 

Loss by 
liot vacuum- 
drying, % of 
»fresh dry 
matter» 

Subutance. 

100.0 

96.2 

346 

260 

Dry raatter . 

100.0 

96.2 

100.0 

3.8 

Ash . 

8.3 

8.0 

8.9 

— 

6.25 N . 

11.7 ! 

11.2 

13.7 

2.5 

Crude fat . 

2.9 

2 8 

— 

1 

Crude oarbohydrate . 

77 

74 

— 

— 

Crude fibre. 

29.9 

28.8 

— 

— 1 

N-free extraet. 

47 

45 

— 

— [ 

Redose. 

1 3.5 (* 

3.4(® i 

1 3.0 (* 

_ ( 

1 

i Inredose. 

' lo.sr* 

10.4 r* 

‘ 9.7 



^ The ash was not treated with water and was grey. 

* The iiiatorial was only cut to 1 era pieoes, not (as usual in dry samples) 
milled to pass 1 mm sieve. 

* The results aro lowered by tho hoating. Soo fig. 10 (p. 217^ The inredose 
value would ha ve boen approximately 1 % highor, jf the heat had not altered 
the inrodose valuo. 


The differeiicc in ash sliould eufirely result. from the fresh sample 
being too eoarse to be (‘ompletely iueinerated without water treat- 
ment. 

Tlie sugar analyses eannot be e,omx)ared with complete satisfaetion 
by reason of the varying coiiditions of extraetion, and because of 
t-his it (^aiiiiot be judged how mueh sugar has been lost at drying or 
whether, indeed, any sugar at all has been lost. 

Part of the sami)le was used for storage experiments, which will 
be descTibed later (see p. 203). 


D. Laboratory air^drying. 

Part of the sample was dried by being spread out in the laboratory 
for 11 days. The coini)osition of this sample after drying appears in 
Table 17 (p. 202). As a comjiarison the hot vacuum-dried sample/s 
composition is plaeed to the right. 

If one compares tlu» sugar content, the crude fiber content and 
the content of nitrogen-free extraet in both these samples, it appears 
as though either the polysaeeharides in the course of the hot vacuum- 
drying have been hydrolysed to sugar, or in the course of the labora¬ 
tory air-drying the sugar lias been partially built up into polysaccha- 
rides. The latter alternative appears most likely, but both alter- 
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Talde 17^ Analynis of an air-dried Bromus inermis sample^ oompmed 
witb the boi vacuum-dried. 


Componcntg 

Air-dried, 

% of the 
sample 

Air-dried 
% of the ‘ 
dry matter j 

Air-dried, 

% of the 
riresh dry 
matter» 

T3 Vi 

^ r- ^ 

ö g Ä 

g J s 

* 

1 t* 

S o 'C '» iS 

§ "V 1 i 

« 5 § ■* S 

w .t. b . 

.2 ** g ° 

Substance. 

100.0 

109.7 

101.4 

245 


Dry matter . 

91.1 

100.0 

92.5 

7.5 

3.7 

Ash .. 

8.0 

8.8 

8.1 

— 

-0.1 

6.25 N . 

11.1 

12.2 

11.3 

2.4 

-0.1 

|Cmde fat. 

2.3 1 

2.5 

2.3 

— 

0,5 

(Crude carbohydrate 

70 

76.5 

71 

— 

3 

Crude fibre. 

28,7 ( 

31.6 

29.1 


-0.3 

[N-free extract. 

41 i 

45 

42 

— 

3 

iBedose.! 

2.3 1 

2.6 j 

2.3 ' 

. j 

1.1 

1 Inredose.1 

7,8 1 

8.6 ! 

7.9 i 


2.6 C 


* If corrected for hoat influence (on inredose por cont in hot-vacuum driod 
sample) the loss in inredoso becomes aboiit 3.5, or oven approaehes the loss 
percentage in total dry inatter. 


natives are possible, and even both phenomena may oeciir simultane- 
ously. 

From this comparison also it wonld appear as thoiigh volatile 
nitrogen compounds may have evaporated during hot vaeuum-dry- 
ing. One is scarcely entitled to draw any c-onc^liisions from the dif- 
ferences in crude fat content, as the hot vacniim-dried sample is in 
itself incorrectly prepared for a erude fat detenniiiation. 


E. fSprinMing follotved by laboratory air-drying. 

Part of the sample was sprinkled with siiffieient water to eorres- 
pond to a rainfall of 2 mm on nev^ly mown grass. The sample was 
placed on hand-towels spread out over a rustless Steel nettiiig. The 
sample was spread out in roughly as thick a layer as new-mown 
grass, after which it was sprinkled with distilled water. 

The composition after this treatment and laboratory air-drying is 
shown in Table 18 (p. 203). It is amazing that the redose content is 
higher *in the sprinkled sample than in the normal laboratory air> 
dried one. The content of inredose is, however, lower. Perhaps the 
interpretation is that decomposition of sucrose has occurred but has 
been interrupted at a stage where the content of invert sugar has 
increased more through hydrolysis of sucrose than the content has 
decreased through its own decomposition. 
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Table 18. AnälyBu of a sprinkled and then air-dried Bromus inermis 
sample^ eompa/red with the hot vacuum-d/ried. 


ComponentA 

Sprinkled air* 
dried % of the 
sample 

Sprinkled air- 
dried % of the 
dry matter 

Sprinkled air- 
dried % of the 
»fresh dry 
matter* 

|+ä« e* 

09 ^ *0 !► 

* .5 ^ * S 

^ fr; ,*3 

3 o 

Loas compared 
with hot va- 
cutim-dried, % 
of »fresh dry 
matter* 

Substanco. 

100.0 

109.0 

100.0 

246 


Dry inatter. 

91.6 

100.0 

91.6 

8.4 

4M 

Ash. 

7.8 

8.5 

7.8 

— 

0.2 

6.25 N. 

11.8 

12.9 

11.8 

1.9 

- 0.6 

Orudo fat. 

2.4 

2.6 


— 

0.4 

Crude carbohydrate 

70 

76 

70 

— 

4 

Crude fibre. 

28.9 

31.6 

28.9 , 

— 

-0.1 

N-free extraot.j 

41 

44 

41 


4 i 

Redose. 

3.1 1 

3.4 ; 

.8.1 ! 

— 

0.3 1 

Inredoae . 

6.6 

7.1 

6..') 1 

— 

3.9 e i 


^ If corrocfcod as iii table 17 thc loss Iwcomcs about 4.9 or e\ cn approaches 
tho loss in total dry matter. 


F. Storage experimmU, 

The three saniples, thc hot vaeuuiii-dri(4, the laboratory air-dried, 
and tlie sprinkled and air-dried, were used for stora^e experiments. 

The main aim of the experiment was to try to discover whieh 
important in^redients are destroyed in storap^e with a too high mois- 
tiire content. In addition, the object of these experiments was 
partly to find out at what moisture eontent in the material (and re- 
lative hnmidity in the air), the sami)le beeame no lonj?er fit for 
storaip^e in the ^^^iveri conditions, partly to diseover the conneetion 
between the sample’8 moisture eontent and the relative humidity 
of the air. The, experiirumts were intended as preliminary, and 
many faetors from praetieal storage have eonseiously or unconsci- 
ously been omitted. 

G. Tevhnique, 

As containers conser\ing-jars of glass with india-rubber bands 
between the lid and jar to kee|) theni moisture-tight were used 
(Fig. 7, p. 1204). Jn order to keep the jars tightly closed ordinary 
clips were used whieh reinained in plaee during all the experiments. 

All the samples were ground to i)ass a 1 mm sieve. Thus tho 
storage ean in nowise correspoiul to a praetieal storage in whieh the 
material is of course not ground and both temperaiure and moisture 
vary. During Ihe experiments the temperature was all the time 
kept eonstant at 20'" C 4 0.5. The samples were kept in darkness. 
Eaeh time the samples were w^eighed or sub-samples were taken, 
one naturally had to open the jars. 













204 


Sigvard Ekelund 



Fig. 7. Glass jar arranged for storage oxporimonts with jnilled hay. 


H. Control of rélative liumidity, 

. The relative humidity was controlled in variouR manners depending 
npon wliich relative humidity was desired. 

0 % relative humidity was brought about with P 205 , which was 
kept in a little bowl, placed on a rustless Steel stand at the bottom 
of the jar. The sample was placed around the stand at the bottom 
of the jar. 

9% relative humidity was brought about with 65% H 2 SO 4 , kejit 
in a bowl in the same manner as the PgOg. The bowFs edges were 
greased with vaseline so that the acid could not wet the bowPs out- 
side or even “wander down’’ to the sample. 

100 % relative humidity was brought about by water kept in the 
same manner as the acid. 

The remaining relative humidities were brought about by systems 
of salts and their saturated Solutions; 

32 % relative humidity with CaCl 2 . 6 HgO 

52% » » » NajCraO,. 2 H 2 O 

73% » » » NH 4 CI 4 KNO 3 

93% » » » Na2SO4,10H2O 
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I. Storage resulta. 

The dry matter content of the hot vacuum-dried sample must, as 
previously mentioned, be considered at least 100 % or over (see p. 200). 
At the beginniug the dry matter content of the air-dried sample was 
91.1%, and the dry matter content of the sprinkled air-dried sample 
was 91.6%. 

The samples at 0, 9, 32 and 52 % relative humidity finally came to 
rest at a constant weight after a certain time (see Table 19, below, 
Figs. 8 and 9, p. 206 and 207). This was only to be expected, as the 
samples should adapt themselves to a moisture content in equilibrium 
with the air^s relative humidity. This constant total weight, however, 
requires that the sample^s dry matter be not changed, or, in other 
words, that no ingredient of the sample should disappear. 

The weight of the samples stored at 73, 93 and 100% relative 
humidity reached a maximum, and diminished in weight again after- 
wards. This signifies that some i)art of the dry matter has dis- 
appeared, for otherwise one would expect that equilibrium would 
ari se as in the other cases. 

The eomposition of the siimples, stored at 73% relative humidity, 
before and after storage is seen in Table 20 (p. 207) and Table 22 
(p, 208). To give a better idea of what lias been changed all figures 
from the abovc tables have been calculated in percentages of “fresh 
dry matter^^ (see Tables 21 and 23). 


Table 19. liclative uxiglita of the aiorage samples of Brovius inermis 
at different points of time; initial iceigJit taken as 100 for eaeJi sample, 

See Figs, S and 9, 


1 

I )ato 

0 

9 

Rrh»ti\o humidity, 
' 32 j 52 j 

% 

73 

93 1 

100 ; 




Air-dnod 

ill the laboratory 


i 

*"/« 1940 1 

100.0 

lOO.O 

, 100.0 

100.0 1 

100.0 

100.0 

100.0 

1 “/« 1940 

02.1 

1 9r..« 

, 90. S 

100.0 j 

105.3 

ii7.8(*; 

122.3 (® 

1941 1 

92.5 ! 

95.8 

i 97.0 

100.5 ' 

99.9 

C 

— C 

i 

\V'ater-si)riiiklod and thon air-dri(‘d in the laboratory 

“/« 1940 ' 

100.0 

100.0 

100.0 1 

100.0 ! 

100.0 

100.0 

100.0 1 

1940 1 

93.3 

90.4 

1 98.3 i 

101.5 1 

100.3 

125.5(® 

119.8(* ' 

“/s 1941 1 

93.7 

90.5 

1 98.3 i 

101.3 ! 

102.1 (’ 

— (’ 

— (’' 


^ Slightly mouldy. 
a Very mouldy. 

^ Samples destroyed owing to excess of moiild. 
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Fig^ S. Relative weights of air-dried hay during storage at different rcdative 
huinidities (RH), See Tablo 19. 

Practically the whole dry matter loss e.ari be explained as sugar 
loss. R-oughly the same loss figure appears again in dry matter, 
crudo carbohydrate, nitrogen-free extract and inredose. 

That the loss of sugar affected inredose more than redose could 
at least be partly explained by the fact that both these terms in- 
volve some reducing substances that are not sugar and whieh possess 
relatively more signifieance as regards the low redose content. 

The crude fat content has suffered an obvioiis loss. As regards 
the rest the changes should be interpreted as the usual ina(;curacies 
of experiment. 

It appears from the analysis results in Table 24 (p. 209) as if no 
sugar had disappeared during the first six weeks, and the samples 
stored at 52% relative humidity have retained their sugar content 
for a whole year. 

Finally a comparison was made between the compositions of both 
the samples damaged during storage after 11 months in 73 % relative 
humidity (Table 25, p. 210). 
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Fig. 9. Kt‘lative woights of sprinkled and air-dnod hay during storage at different 
^ ^ rolative huniiditios (KH). Heo Tahle 19. 


Table 20. Äir-dried samplr fdored at 73% relative hnviidity. Com- 
position at ihv acUial points of time. 


! 


t>f samplo 
®®/b 194 0 

% of sainple 
'®/5 1941 

Dry iiiatter. 


91.1 

85.3 

Ash. 


8.9 

7.8 

(3.25 N . 


11.1 

11.2 

Crude fat. 


2.3 

i 1.75 

Cx'ude earboliydrate .. . 


70 

j 05 

C-rude fihrc. 


28.7 

( 28.9 

N-free exiract. 


41 

1 30 

Rcdose. 


2.3 

1.3 ' 

Inredose. 


7.8 

2.2 1 
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Ta»Me 21. Composiiion of air-dried aample stored at 73% relative 
humidity* Losses during drying and storage, (Losses ealculated from 
the eomposiiion of the hot vacuum-dried sample and not from fresh 

sample,) 




% of fresh green dry matfcer 


Component» 

Hot vaciiiim- 

Air-dried 

Air-dried, 

' Lossca during 


dried, 'V« 

»Vc 


drying and 


1940 

1940 

1941 

storago 

Substanoe. 

96.2 

101 

101 


Dry matter. 

96.2 

92.5 

8«.5 

9.0 

Ash. 

8.0 

8.1 

8.0 

0.0 

6.26 N. 

11.2 

11.3 

11.4 

-0.2 

Crude fat. 

2.8 

2.3 

1.8 

1.0 ’ 

Crude carbohydrato . . 

74 

71 

66 

‘ H 

Crude fibre. 

28.8 

29.1 

29.3 

- O.ö 

N-free extraet. 

45 

42 

37 

s 1 

Bedose. 

3.4 (® 

2.3 j 

1.3 i 

2.1 i 

Tnredose. 

10.4(® 

7.9 

2.2 i 

H.2 i 


® See Töble 16, footnote 3. 


Table 22 . Bprinlcled^ air-äried sample stored at 73% relative hnmidity, 
Composition of sample at the aetual points of ti me. 


. 

Components 

% of sample 
®®/6 1940 

% of sample 
1B4J 

Dry mattor. 

91.6 

85.1 

Ash. 

7.8 

7.7 

6.25 N. 

11.8 

11.6 

Crude fat. 

1 2.4 

: 1.7 

Crude carbohydrato . .. 

1 70 

64 

Crude fibre. 

i 28.9 

28.8 

N-free extraet. 

' 1 

35 

Bedose. 

3.1 

1.4 

Inredose. 

6.5 

! 2.1 


The a^reement is better than ean be expeeted from purely parallel 
samples, except as regards the figures for onide protein. At the be- 
ginning of the storage experiment this differenee already existed in 
the crude protein content, when the figures were J 3.2 and 13.9% 
respectively. 
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Table 23. Compoaition of sprinMed, air-dried sample ntored at 73% 
relative humidity. Losses during sprinkling^ drying and storage. 
(Losses ealculated from the composition of the hot vacuum-dried sample^ 
not from fresh sample.) 


Compononta 

% of fresh greeu dry mattor 

Hot V’^acuum- 
dried 

1Ö40 

Spriiikled 
air-dried 
*7« 1940 

Sprinkled 

air-dried 

1941 

Lo.sse8 hy 
sprinkling, 
drying, and 
storing 

Substance. 

96.2 

100 

97 


Dry matter. 

96.2 

91.6 

86.9 

8.6 

Ash.1 

8.0 

7.8 

8.2 

-0.2 

6.25 N.i 

11.2 

11.8 

12.2 

-1.0 

Crudo fat. j 

2.8 

2.4 

1.8 j 

1.0 

Crud© carbohydrate . .' 

74 1 

70 

67 1 

7 

Crudo fibro.| 

28.8 1 

28.9 

30.5 ! 

-1.7 

N-free extrac‘t.' 

45 1 

41 

37 1 

8 

Rodoso. [ 

3.4 (* 

3.1 

1.4 1 

2.0 

1 Inredose.’’ 

10.4(’* 

6.5 

2.2 i 

8.2 


® See Table 16, footnoto 3. 


Table 24. Inreäose during storage in o2^,u or 73% relative humidity. 


% 

relative 

humidity 

Diying eon- 

dltlOUH 

Inredo.so in 

®®/« 1940 

% of »fresii dry 

1940 ! 

matter» 

1941 

r ,2 

air-dried 

7.8 

7.6 ! 

7.7 

62 

1 

1 

sprinkled 

air-dried 

6.5 ; 

6.8 

6.6 

73 

air-dried j 

7.9 i 

7.5 

2.2 

73 

sprinkled 

air-driod 

6.5 

6.5 

2.2 1 


2. Harvesting experiment 1941. 

In the year 1941 tliere was colleeted Bromus inermis (awnless 
broniegrass), from tlie same locality as in 1940. 

The sample was divided into four parts, of which 

one pjirt was taken for inimediate analysis (see Table 26, p. 211), 

one part was heated in ethyl alcohol, 
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Table 26. Gomposition lOjS 1941 oj both the stored samples of dry 
matter at the same point of time. 



% of dry matter 

Oomponents 

Air-dried 

Sprinkled 

air-dried 


sample 

sample 

Substanee . 

117.2 

110.4 

Dry matter. 

100.0 

100.0 

Ash. 

9.2 

9.1 

6.25 N. 

13.2 

13.0 

Crudo fat. 

2.0 

2.0 

Crude carbohydrate .. 

70 

76 

Crude fibro. 

33.9 

33.9 

N-free extraet. 

42 

42 

Redose. 

1 1.5 

1.6 

Inredose. 

1 2.6 i 

' 2.4 


one part was air-dried in the laboratory to equilibrium with 
the air, 

and one part was air-dried in the laboratory for 24 h, then placed 
in a closed container for 48 h, after whi(‘h it was air-dried 
to equilibrium with the air. 

A, Eihyl aleohol treatment of the fresh sample, 

A quantity of the sainple, 102.94 g, was dreiKthed with sufficient 
95 % aleohol as to make the plant moisture with aleohol give an al¬ 
eohol concentration of over 80%. The sample was allowed to stand 
in a wide-necked flask covered by a watch-glass over a boiling w ater- 
bath for two hours. 

The aleohol solution was filtered through a glass filter fuimel and 
the residue washed in hot 80% aleohol. The residue was dried at 
65° C and then allowed to attain complcte equilibrium with tlie 
laboratory air. The weight was then 24.033 g. The residue thus 
dried was ground in a Wiley (1925) mill (Fig. 1, p. 185) imtil it passed 
through a 1 mm sieve. (On being ground 0.147 g substanee was lost.) 

The aleohol solution, ineluding washing aleohol, was evaporated 
almost to dryness, was diluted with water, and redose and inredose 
were determined. Moreover a sainple of the residue w as extraeted 
for 6 hours in a Twjsselmann (1923) apparatus (Fig. 2, p. 186) with 
80% aleohol. Tn this extraet inredose, but not redose, was deter¬ 
mined. 

In the first aleohol extraetion were determined 
redose equal to 1.9% of ‘‘fresh dry matter’’, 
inredose equal to 8.0% of “fresh dry rnatter.” 
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Table 26. The composition of freah green Bromus inermis 1941* 

alc. s. ~ diflsolved by aloohol decoction followed by 6 h extraction in Twissel- 
mann apparatus with 80 % ethyl alcohol. 
wat. B. == dissolved by decoction with water. 
alc. rea. == residue after alcohol extraction. 
est. ~ estimated. 

Orude fat is estimated from the dotermination of crude fat in air-dry sample. 
Crude carbohydrate, and nitrogen-free extract are estimated by difference from 
the provioiis figures. 

Redose, est., wat. s., is estimated by adding l to redose, alc. s. 

Inredose, est., wat. s,, is estimated by adding 1 to inredose, alc. s. 

Kedosaii, est., total, is estimated by adding: a) redosan alc. res. + 

b) inredose, alc. s. 

c) 1. 


1 

% of fresh gi^een 
j 2 ' 3 

substiince 

4 ; 

! 

Mcans 

ComponentH 

\ 

% of dry 
inatter 


! ; 

_1 


Total Hubstance . 

1 

351 

28.8 

; 28.6 , 28.3 

28.4 : 

28.5 

Drv mat ter. 

100.0 

2.42 

; 2.40 , 2.43 

2.40 

2.41 . 

AÅi . 

8.5 ■ 

4.11 

i 3.94 j 4.13 

3.90 

4.02 

('iiidc» protein, 6.25 N. . . 

14.1 




! 

Crmle fat, est.! 

3 





(Jrude carhohydrato, est. i 

74 





Crude fibre, alc.ros. 

29.4 





Nitrogen-frcc extract, est. j 

1 45 




1 

Bedospy est., wat.s. 

i 3 




1 

Redosc, alc.s. 

1 2 





Inredose* est., wat.s. 

10 




1 

Inredose, alc.s. 

i 8.7 





Hedosan* est., iotal. 

50 1 





liedosan, alc.res. 

S 46.0 1 


Tii tlie Twisselmann extract was determincd 
inredose equal to 0.7 % of ‘^frcsli dry matter.” 

Thu8 there was found iii the whole alcohol extract 8.7 % inredose 
and redose, equal to at lowest 1.9%, at highest 2.5%, of ”fresh dry 
matter.” 

On the residue from the TwI8SELMA^"N extraction a total hydro- 
lysis according to the redosan method, (proposed on p. 254) was car- 
ried out, after which 49% of “fresh dry matter” was determined as 
redosan. 


B. Air-drying, immediate and delayed* 

For immediate drying in the laboratory air 1200 g was taken out, 
which, after 14 days’ drying, weighed 364 g or 30.3 % of fresh weight. 

14 — 48106 Kungl. Lantlrrufcahoffskolanti Annaler, Vol. 16 
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Table 27. Composition of both ihe dried samples of Bromus inermis 
1941. ÄbbreviationSj see Tab. 26, hut no alcohol deooction before Ttvis- 

sélmann extraclion. 



% of sample 

Componentfl 

Immediately 

Delayed 


air-driod 

air-dried 

Dry matter. 

91.2 

91.1 ! 

Ash. 

8.3 

8.4 ! 

Crude protein, 6.25 N . 

12.1 

12.4 

Crude fat. 

2.7 

2.4 

Crude cai*bohydrate ... 

68 

68 1 

Crude fibre. 

28.3 

30.4 ; 

Nitrogen-free extract. . 

40 

38 

Hedose^ wat.s. 

2.1 

1.2 

Kedose, alc.s. 

1.7 

0.7 

Inredose^ wat.s. 

5.4 

2.8 

1 Inredose, alc.s. 

4.6 

1.9 ' 

1 Redo8aii.y total. 

49.4 

49.8 1 

1 Kedosan, alc.res. 

43.7 

46.8 1 

(Redosan, est., total).. 

(49.3) 

'49.7^ j 


Por delayed air-drying a sample of 700 g was taken ont, which 
wlien dried weighed 202 g or 28.9 % after 24 h dryiiig + 48 h keeping 
not packed down in a tightly closed vessel (100% relative huinidity), 
+11 days’ air-drying. 

The composition of the two dried samples is shown in Tab. 27 
(above), and the composition and losses in % of “fresh dry inatter” is 
shown in Tab. 28 (p. 213). 

After air-drying 3.1% of the “fresli dry matter’^ and 1.2% oriide 
protein have disappeared. I have not investigated the implications 
of this loss in crnde protein. 

The loss of inredose is 3.9%, which surpasses the entire loss of 
dry matter. This may be the resnlt of analytical inaccuracies, but 
can also be attributed to the formation of polysaccjharides from 
sugar. It appears, indeed, as though the crude fibre content had 
risen, but this cannot be considered certain, since the detcrmination 
of crude fibre was preceded by alcohol decoction of the fresh ma¬ 
terial. This may have given a crude fibre content too low for the 
fresh material. 

There also exists a tendency to increased content of redosan in 
the alcohol extraction residue, which certainly points to an in¬ 
creased content of polysaccharides. This tendency to increase can, 
however, be analytically inaccui^ate. 
















Carbohydrates in Hay 


213 


Table 28. Gomposition of fresh and dried Bromus inermis 1941, 
and losses by drying, Äbbreviations, see Tab, 26, but no alcohol de- 
coction of air-dry samples before Twisselmann extraction, see text 
(WitMn bra^ckets estimated, calculated or not completely comparable 

figur es,) 


Compoiients 

% 

Fresh 

Hample 

of dry mat 

Immediately 

air-dried 

aample 

tor in fresh 

Dolayed 

air-dried 

sample 

green samj 

Loasc 

immediato 

air-drying 

)lo 

)s by 

■ 

dolayed 

air-drying 

Substance . 

351 

106.2 

101.3 

245 

250 

Dry matter. 

100.0 

96.0 

92.3 

3.1 

7.7 

Ash. 

8.5 

8.8 

8.5 

-0.3 

0.0 

1 Crude protein, 6.25 N 

14.1 

12.9 

12.6 i 

1.2 

1.5 

Crude fat. 

(3' 

2.9 

2.4 1 

(0) 

('!) 

Oudp carbohydrato . . 

>74) 1 

72 

69 ! 

(i?) 

15* 

Crudo fibre. 

'29.4) - 

30.0 

30.8 1 

(-0.6) 

(-1.4) 

Nitrogen-free oxtraet. 

45) ’ 

42 

38 1 

(3; 

(7) 

Redose^ wat.s. 

'3i ' 

2.2 

i 2 i 

(1) 

(2) 

Kedofte, alc.s. 

2 

1.8 

0.7 i 

0 

1 

Inredose, wat.s. 

1 (10 i 

5.8 

1 2 9 ! 

(4) 

[7) 

Inrodoso, alc.s.' 

! 8.7 ! 

4.8 , 

, 1.9 1 

3.9 

6.8 

Redosan, total. 

1 (Ö6 : 

52.4 1 

f 50.4 1 

4) 

(6- 

Redosan, alc.res. 

1 46.0 ' 

46.4 ! 

' 47.5 1 

-0.4 

1 -1.5 

(Redosan, est., totab . 

1 56) ! 

,52.2 ' 

' '50.4; j 

(4) 

1 ‘6) 


If we look at the lofises durinp: the delaycd air-drying, we get a 
loss in dry niatter of 7.7%. 1.5% crudo protein has disappeared, 
i. e. roughly the same as diiring iiumediate air-drying. Such a loss 
in emde protein (6.25 N) does not neccssarily mean a loss in weight 
of 1.5% but probably depends on the loss of a smaller quantity of 
volatile matter, richer in nitrogen than erude protein. 

The loss of redose reaehes 6.8% or almost as miich as the loss in 
dry matter. If we add together the erude protein loss and the in- 
redose loss, we obtaiii 8.3%, i. e. more than the dry matter loss. 
On the one hand a part of the erude protein loss can be explained 
in the manner just inentioned, on the other hand we can suppose 
that a small quantity of polysaeeharides has been built up by sugar, 
which, indeed, appears to ensue from the inerease in erude fibre 
content, already mentioned here. The inereased content of redosan 
in the alcohol extraction residue x^oints to an inereased content of 
polysaeeharides. 

The essential dei)reciation seems to consist in a sugar destruetion, 
but a tendeney seems to exist for the building up of polysaeeharides, 
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a'iid this can perbaps be interpreted as the effect of the presence of 
undestroyed plant enzymes. There also seems to occur an obvious 
lOBS of nitrogen and with it a loss of crude protein. 

The results of the different experiments seem to agree well with 
each other. 


3. Harvesting and storage losses. 

Briefly it may be said that these harvesting and storage experi¬ 
ments show that what first disappears in considerable quantity 
with bad harvesting or storage is inredose. In sueti cases whero the 
normal content of inredose and redose occur, more inredose than re¬ 
dose disappear. In connection with this it should be pointed out 
that inredose also includes redose, so that a redose loss naturally 
implies at least the same in content of inredose. From the experi¬ 
ment it has even been demonstrated that the losst^.s in dry matter, 
in crude carbohydrate, in nitrogen-free extract and in inredose, are 
all on the same level. 

From the investigation the e.onclusion can also be drawn that a 
determinat ion of inredose is more important when wc wish to (^ontrol 
a good harvest and a good storage than any of tlu* cnrrenti deter- 
minations included in the crude analysis of fe(‘ds. 

As the loss in dry matter in all tlie cases investigated almost 
agrees with the loss of inredose, we venture to assert that an iiiredose 
determination is at present very suitabk^ when studyiiig harvesting 
methods. The method can also be used for controliing hay in com- 
merce with regard to harvesting and storage (*onditions. 

That bad harvesting and storage above all involve damagci to 
such sensitive substances as sugar is well known. It is also universally 
recognized that bad lighting during the period of growtli causes a 
low sugar cuntent in hay (among others, see Archibald et al. 1946). 

Monroe et al. (4946) have studied storage loss in hay under more 
practical conditions than in this investigation. i le finds that in 
“well cured” hay (less than 30% moisture), the dry matter loss in 
storage ^dll vary from 3.5 to 10%, This Joss occurs principally in 
the nitrogen-free extract and to a lesaer degree in the ether extni(?t. 
In browned or blackened hay the losses vary between 15 and 40% 
of dry matter. In artificially dried hay the storage losses are practi- 
cally negligible. 

Axelsson (1944) has found average losses at hay drying of 8.18% 
(the second decimal figure can scarcely be of any Value) of original 
dry matter, of which 6.36 % affects nitrogen-free extract. He finds 
an increased crude fibre content of 0.98 %, which agrees unexpectedly 
well with my results. 

Martin & Eeynstens (1942) find remarkably small losses in 
hay drying (from 70 to 18% water). They maintkn that thcy have 
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shown that the crude fibre quantity keeps constant and using tbis 
as a basis calculate other contents and losses in relation to crude 
fibre. In tbis manner they arrive at a loss in organic substance of 
3.0% of which only 0.9% affects the nitrogen-free extract. This 
would appear to be a remarkably small loss for ordinary drying. 

4. Influence of heat treatmeni on the subsequent determination 
of inredosc or redose. 

During attcinpts to use the same samples first to determine dry 
matter, and then to determine sugar, it transpired that the results 
obtained, caleulated in inredose percentages, became considerably 
lower after drying than before. This deviation can first be thought 
to depend on ehanges in the proteins or amino acids, and secondly 
on a chango in the sugar structure or other qualities in both cases 
so that the redueing power diminished. The change in the proteins 
can also be thought. to react in such a way that the sugar is en- 
closed in protein films or protein impregnated cell-walls, which be- 
come less permeable to water than in their natural State. Other 
ehanges can also naturally be thought of both in other redueing 
substances, as well as in other extraneously influencing substances. 

The influence of heating the various more important species of 
sugar has Ix^en investigated and the results are shown in Table 29 
(p. 210 ), hut other (tauses of deviations (not investigated) are possible. 
The decreasiug redueing power during lieating depends at least 
partly on sugar anhydride produetion (see Toixens & Elbnek 1938, 
j). 514), hut may also partly depend on a more radical deeomposition 
of the sugars. Both these results may be comx>ared with reversion 
and “humin’^ produetion by treatiug with 24 N H 2 SO 4 . In both 
cases water is ta kem from sugar. 

WiKU^ND (1947) has made fnictose anhydride j)reparationa by 
treating fnictose in differerit ways. It w-as x>ossible to regain, at 
least partly, the redueing xmw^er by add hydrolysis. 

A diagram was drawn showing the correlation between inredose 
in air-dried samides and inredose in identical samples after, first 
5 h at 105"^ and then after 48 h at the same teraperature. A line 
was drawn to reiireseiit th(^ expeeted complete correlation, i. e. 
absolutely identical values (Fig. 10, p. 217). It was shown that all 
values except. four <lecreased owing to heat treatment. At lower 
sugar content then». scarcely ajipeared to be any difference between 
the longer and the shorter lieating period, but at higher sugar content 
the longer heating period seemed to lower the result a shade more 
than the shorter heating period. 

It is especially curious that the four hay samples which do not 
show any uoticeable difference after heating were the two richest 
in sugar and the twö poorest. A possible interpretation of this is 
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Table 2&. The reduoing powers of different monosaccJiarides after 
iretUment with different temperatures for different periods of time. 
Red/ueing power for each kind of sugar ^100 when not treated. 


® c 

h 

Glucose 

Mannose 

1 

1 

'3 

O 

Fructose 

Sorbose j 

Xylose 

Arabinoae 

60 

48 

100 

100 

100 

100 

100 

100 

100 

70 

48 

100 

100 

100 

100 

100 

100 

100 

94 

2 

100 

100 

100 

98 

100 

100 

100 


5 

100 

99 

99 

91 

100 

100 

100 


24 

100 

92 

98 

70 

100 

100 

100 


48 

100 

91 

98 

— 

— 

99 

100 

105 

2 

100 

100 

100 

86 

100 

100 

100 


6 

100 

94 

97 

69 

100 

100 

100 


24 

100 

34 

96 

32 

— 

99 

100 


48 

100 

20 

94 

24 


98 

— 

130 

2 

100 

30 

99 

39 

— 

100 

— 


5 

100 

14 

96 

22 

— 

99 

— 


24 

98 

— 

70 

12 


94 

— 


48 

96 

— 

42 

10 


42 


98 in 

2 

— 

— 

— 

98 

— 

— 

— 

coalgas 





1 





that the lowering essentially depends on the change in the free 
fructose at heating. This pre-supposes that the two hay samplcs 
with the lowest content of inredose, namely abont 1 %, do not con- 
tain any fructose. This may well be true, since other hay samples 
have had a reducing capacity after fernientation equivalent to 1 % 
inredose. It is possible to think that the two samples with most 
sugar were without free fructose and essentially contain non-in- 
verted sucrose. For sucrose, as is already known, is fairly resistant 
to dry heating. 

The great mass of hays appear to contain partly non-inverted 
sucrose, partly monosaccharides; and a very small content of other 
species of sugars. Under heating it would appear as though fru(dose 
was first destroyed; and the great mass of hays with an average 
content of sugar appear to contain relatively much inverted sucrose. 

Hay samples that are extremely poor in sugar have usually been 
badly harvested and therefore contain especially little fructose. 

This interpretation is not established but only intended to serve 
as a working hypothesis for continued experiments. It is difficult 
to reject as pure chance the fact that the two hays richest in sugar 
together with the two poorest in sugar are the only ones not to be 
influenced by dry heating. 
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Fig. 10. Influence of prcvious drying oii inredose content in hay. 


VI. Starch in hay. 

One often reads that stareh oceiirs in hay and this is mainly due 
to positive colour tests with solution of iodine under the microscope. 

But many different investigators as Odéts & Sjöbeeg (1931) 
frive results from quantitative analyses in ai^eement with this. 
Henkici (1943) reports in some cases 7.5% starcli in alfalfa. Eapp 
(1947) found 1-8% starch in rhizomes of Johnson ^ass (Sorghum 
halcpense). 

On the whole tht^re is reason to think that the starch contents 
which are so often reported are too high. This is especially true 
when enzyme hydrolysis methods are used, for it is then that closely 
related glucides, such as dextrines, are included. One of the more 
specific starch methods is said to be extraction with concentrated 
hot CaOlg, followed by precipitation of a starch iodine compound, 
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e.g. Biter v. Pellenbbrg (1937), Pucher & Vickeky (1936) and 
Stolivan (1935). 

At first I intended to make use of some method by which I could 
obtain a quantitative determination of starch in hay. But as I 
foxmd it very difficult to select any method which seemed suitable 
for such material I first decided to make some qualitative tests. 

These were carried ont so that 1 g of hay was hoiled with 30 ml 
of water during 2 minutes. Then the solution was cooled and 0.5 
ml solution of iodine (2 g Jg+O g KJ in 100 inl water) was added. 
STot in a single case of the several hundred samples of hay did blue 
colouring appear. In all these cases the same hay samples were 
given parallel treatment, in which 1 g hay -f 10 mg wheat flour was 
boiled with water and af ter coohng was tested with iodine solution. 
All these parallel tests showed the typical blue colouring on iodine 
solution beiug added. These results were confirmed by a pressure 
boiling experiment. Alg sample of hay was boiled in 30 inl water 
at 120° C for V 2 colour occurred after adding 0.5 ml 

iodine solution. From all these experiments the conchision can al¬ 
most be drawn that starch does not normally oc(*ur in Swedish hay 
in a content attaining 1%. Pucher et al. (1948) deterrnined starch 
in plant tissues by extraction with perchloric add, precipitation 
with iodine, and then hydrolysis of the starch to glucose, whieli 
was deterrnined. By this method they found about 0.06% starch in 
alfalfa tops (5 to 7% in roots). 

Once this is established, the whole question of fixing bouiidaries 
to the groups of glucides, from both the nutritional and analytical 
points of view, when it applies to hay, is greatly 8im])lified. One 
may even be justified in saying that this conchision cnncerning starch 
further improves the suitability of tln^. inredose method for the prac- 
tical nutritive valuation of hay. 

Paloheimo et al. (1930, 1931) have endcavoured to work out a 
colorimetric method based on blue colouring of starch solution with 
iodine. The fact that it was shown to be possible to use this method 
supports, to a certain degree, the qualitative starch tests in this 
investigation, which have been carried out- according to the same 
principles. 

Andersen (1934) and Poppoff (1944) deterrnined starch in hay 
after diastas hydrolysis, but Aivjdersen showed liis good judgineiit 
by putting starch in quotation marks. 


VII. Determining redosan (redose after total hydrolysis 
as glucosan) in order to estimate totosan. 

In the preceding publication (Ekelund, 1946, p. 243) it was 
maintained that a determination of the total sugar (free and combined 
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sugar) in a food or feed was more desirable than a determination of 
carbohydrate conceived in another way. In this chapter the second 
problem mentioned in the preoeding publication will be discussed 
(p. 243), namely “to make a complete hydrolysis of all such com- 
pounds as contain combined sugar, holosides or heterosides.’’ 

In a feed it is not yet possible to determine the percentage of 
totose, but perhaps it is possible to determine redose after hydrolysis. 
If we suppose the totose to be pure glucose, we can calculate the 
corresponding amount of polyglucosan (polysaccharide). Experi¬ 
ments have shown, however, that by using “totaP’ hydrolysis we 
only attain a resulting reducing power of 97.0 per cent of that calcul- 
ated from glucose or polyglucosans. Thus if we multiply the redose 

value after “total"’ hydrolysis with = 0.927 we attain a real 

U.U 4 u 

polyglucosan value. 

If wc now assume that the totose is an unknown mixture of mo- 
nosaccharides, we can calculate as if it wcre only glucose, and multi¬ 
ply our redosan value with 0.927, thus perhapa attaining an approxi- 
mate value of per cent glucide or rather totosan. As the approxi¬ 
mation often is very inexact, in some cascs wrong, I will use another 
new Word “rcdo^aa,” dcnoting found rcdos<*, vaiw after some form 
of total hydrolysis, multiplied by the fuctor 0.900, and divided with 
the empirioally found yield in reducing i)ower of glucose treated in 
the same way as the actual total hydrolysis. 

If we use Håggli^nd liydrolysis followed by the M-redose method 
we Mull call the redosan value “Hägglund-M-redosan.” If we use 
the Bertrant) method iiistead of M-redose method we will call the 
redosan “Hägglund-Bertrand-redosan."’ If wc multiply the M-redose 
value after Hagglund hydrolysis with 0.027 ur attain the Uagglund-M- 
redosan value, or more hriefly the HM-redosan value. In this treatise 
redosan always indi<nit(\s lIM-redosan. 

In this way we calculate as though all carbohydrates were built 
up from glucose. When we give redose percentage w^e give the amount 
of glu('ose that would have given the same amount of (higO, and 
when cahailate the ])<Tcentage redosan from the percentage re¬ 
dose, we c.al(uilate as though we determined totosan in a pure glucose 
preparatiou. In the following we will see how great errors we make 
by doing so in different cases. 

More generally w^e can define AB-redosan as that quantity of a 
j)ure glucosan, that after A-hydrolysis will give the same amount 
of CugO with the B-redose method as the actual sample. 

1. Hislory of total hydrolysis of celliilose and starch. 

About the ym,r 1800 sevoral invostigators examined the ©ffeot of fairly 
eoncentrated, strong acids on different organic materials. Fouuckoy & 
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Vauqublin (1797) observed “carbonizations,” but nothing is mentioned 
about the formation of sugar. Nor does Hatchett (1800) find any sugar. 

Lxkk (1814) observed that sugar became brown or black through the 
action of “strong” sulphuric acid and speaks of carbonization. Link no- 
tioed that gum arabic behaved like sugar in this respect, but does not 
mention anything about sugar constituting an intermediate stage. 

Braconnot ( 1819) seems to be the first to show hydrolysis of oellulose- 
rich substance to sugar with the help of acid. He treated 25 g linen (con- 
taining 24 g dry matter) with 34 g 93% H2SO4 during 24 hours. The whole 
was diluted with water whereby 2 Vj g residue was not dissolved. The 
solution was neutralized and evaporated into a “gum” (26.2 g). Boiling 
of this “gum” in “weak” sulphuric acid resulted in, among other things, 
‘ ^crystallizable sugar. ’ ’ 

Sucrose, treated in the same manner, was shown to give rise to a dark 
brown residue with a bitter taste. Unfortimately this observation of Bra- 
CONNOT has drawn far too little attention up to the present time, in spite 
of several confinnations. 

VoGEE (1820) used, instead of 93% H2SO4, 88% in order not to blacken 
the linen, but prolongs the treatment to 2 days. Vogel also treats “manu- 
script papers”, “old printed books”, cotton, straw, and birch wood shavings, 
with sugar as the result. 

Kirchhoff (1812) as early as 1811 had demonstrated that starch in boiling 
with diluted sulphuric acid produced sugar, and v. Saussuke (1820) showed 
that even at “usual temperature” sugar was very slowly formed from 
starch in diluted acids. Krochbb (1846) showed by fermenting experiments 
(the development of CO 2 was measured) that the yield at acid hydrolysis 
of starch was almost 100% of that which had been stoichiomotrically cal- 
culated, provided that starch is a polysaccharide. 

DE Caroduss (1843, 1844), Béchamp (1856) and Claesson (1874) in- 
vestigatcd cellulose hydrolysis and also its intermediate prodncts, without 
any great success from the point of view of dotormining glucide by total 
hydrolysis. 

Flechsio (1882) seems to be the first to describe a method for hydrolysing 
cellulose by which a high yield of glucose is obtainod. He investigated the 
glucose yield by measuring reducing power. The dissolution of cellulose 
was carried out with about 24 N H2SO4 (30 g commercial sulphuric acid 
10 g water) and this treatment lasted a “long time”. The final hydrolysis 
was made by boiling in different concentrations of H2SO4. The bost yield 
(except under pressure boiling) was reached with boiling (104"’ C) in 0,51 iV 
H2SO4 during 8 h or with boiling (108° C) in 1.02 iV H2SO4 during 3 to 5 h. 
Concentrations between 0.51 JV and 1.02 iV were not tested. 1.02 'N was 
said to give dark coloured Solutions, for which reason 0.51 'N was recom- 
mended. 

It may be mentioned here that the conventional methods for estimating 
crude fat and crude protein were proposed at about the same time by 
V. SoxHLET and Kjbldahl. 
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Höiao & ScHtTBBBT (1886, 1888) especially investigated intermediary pro- 
ducts when hydrolysing cellulose (1886) and inulin (1888), and also showed 
that inulin ga ve rise to dark coloured products. Lindse y (1891) found in 
the hydrolysate of sulphite cellulose mainly glucose, but in the hydrolysate 
of coffee bean cellulose or coco-nut cellulose, both mannose and furfurol. 

Heuseb & Dammel (1924) determined mannose in cellulose hydrolysate, 
without testing the method on pure mannose. Ritter et al. (1933) investi- 
gated the effect of the temperature at the dissolution in about 24 N H 2 SO 4 . 
The investigation comprised two series, one with 2 h treatment, and one 
with 6 h treatment. In the shorter treatment optimal reducing power was 
obtained at 36° C, in the longer one at 16° C. 

Under the optimal temperatures a lower yield was obtained on the ground 
of incomplete hydrolysis; above these temperatures a lower yield was ob¬ 
tained because of decomposition of monosaceharides, which had developed. 

Several aiithors havo proposed (as Waksman & Stevens 1930) to use 
the FiiECHSio method (or modification) in order to determine carbohydrates 
in feeds and not only in wood and wood products. But it was not possible 
to find in the literature an investigation that showed the usefulness (appli- 
cability) of the method to such materials as foeds and foods. Therefore a 
method was chosen that seemed to be one of the best modifications of 
Flechsio^s hydrolysing method, namely that described by Häggdund 
(1939). This was studied and a little modified to make it even more 
suitable to hay (and to other feeds and foods). 

Shewan (1938) lias carried out a det^rmmation of the optimal tempera¬ 
ture for a high yield at the dissolution with 24 N H 2 SO 4 during 2 hours. 
Optimal temperature lay lietween 20 and 30° C. 

Williams & Olmsted (1935) and Olmhted & Williams (1939) used a less 
concentrated H 2 iS 04 (21.4 N) at a low temperature (6 to 10° C) during a long 
period followed by boiling in 1.426 N H 28 O 4 during 3 hours in order to de¬ 
termine glucide in faecos, vegetablos or fruit (after different pro-treatments). 

Endeu <fe Ubbel (1936) point out that beforo detormining lignin as a 
residue after dissolution in 24 N H 2 SO 4 , the materials should not be ex- 
traeted with water, aleohol, aeotono or bonzeno. Aleohol, for instance, is 
said to be able to extraet both cortain homieelluloses and lignins. Rther 
extraetion is recommended as pre-treatmont. 

Saeman ot al. (1945) suggests a rapid method in which highor tempera¬ 
tures are used both for dissolution and final hydrolysis of cellulose. Mari- 
NELLi (1946) puts forward a quick method for a cornplete hydrolysis of stareh 
in HCl (20 min. boiling in H(n, df' 1.190). 

2. Hägfjlund hydrolysing method. 

Hägglund (1939) describes the hydrolysis of cellulose and certain oarbo- 
hydrates as follows: 

(p. 225;) “Ig lufttrockenes, mit Aceton während 6 Stunden im Soxhlet- 
Apparat extrahiertes Material — Holz-mehl oder defibriertor Zellstoff — 
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wird in einem Becherglas mit 10 cm^ 72%-iger Schwefelsäure (spez. Gew, 
1.64) versetzt und auf Zimmertemperatur gehalten. Zwecks vollständigen 
Durchreagierens wird die Masse mit einem Glasstab umgeriihrt, worauf 
das Becherglas in einen Exiccator gestellt imd eingeMJchlossene Luft durch 
zwei- bis dreimalige Evakuierung entfemt wird. Nach 4 Stunden wird 
mit 2Ö cm® Wasser verdimnt und die Mischimg weitere 4 Stunden bei Zim¬ 
mertemperatur stehen gelassen. Darauf wird die Lösung in einen Kolben 
ubergefuhrt, mit 320 cm® Wasser verdunnt und 6 Stunden unter Kuck- 
fluss gekocht.» 

Hägglund (1939) describes his method a little differently in different 
oonnections. This description represents my interpretation of Hägglund’s 
attempt to hydrolyse cellulose and other carbohydrates completely to 
monosaccharides. 


3 , A Study of the Hägglund hydrolysis. 

According to the original Hägglujsi) method aboiit 1 g of the 
glucide was treatcd for 4 h with 24.0 N H 2^()4 in a room of 20 ° C 
and thon for 4 h with 7.0 N H 2 SO 4 (diluted with 25 ml of w^ater) 
also in a rooin of 20° 0. Finally it was boiled for 6 h in 0.70 JV H 2 SO 4 
(after diluting with 320 ml of water). 

The time for the different treatments ha ve been varied in this 
survey and in sorne casos the (koncentration of a(ud has also been 
varie<i, 

The different periods of time and the different con(‘entrations 
of acid are given in the following tables (30-53). 

In this study the glucide weight has varied between 0.5 g and 

1.4 g. 

In some eases an aliquot part has been taken from the volume 
of 0.70 N H 2 BO 4 after the boiling under reflux (‘-ondenser, and in 
other cases the acid has been diluted to 500 m\ before the taking of 
an aliquot part. 

Both these variations have had very little influenee on the results 
and the following tables have not been complicated with these 
details. 

Before determiniiig redose after hydrolysis the acid was neutra- 
lized by KaOH, in most cases by using more concentrated NaOH 
than usual in the M-redose method. (When 75 ml was taken from 
undiluted hydrolysate it was alkahzed by using 9.6 ml of 12.0 N 
NaOH instead of 10.4 ml of 6.00 JV NaOH.) 

The acetone extraction before hydrolysis is omitted in this trea- 
tise. The vacimm treating for pressing the acid Ihrough the glucide 
mass was never omitted iinless the sample was rapidly dissolved 
without this operation. The time was counted from the adding of 

H2SO4. 
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In those cases where the glncide was treated with diluted acid, 
withont previous treatment with 24 K acid, water was at first added, 
and then 24 N acid. 

Before discussing this study I will give an introduction to the 
tables 30-53, explaining the short texts at the head of the columns, 

A. Introduction to Tables 30-53, 

In these tables drawn up from original observations are given 
in the first three columns the periods of time that the glucide in 
question was treated with sulphuric acid of different concentrations 
and temperatures. 

In column 5 is given the calculated mg of totose. In most cases a 
multiple of this amount was treated with sulphuric ttcid, and an 
aliquot amount (this is given as “calculated’’) taken for deter- 
niining M-redose value. 

In column 0 is given the same amount of glucide as in (‘olumn 5 
but calculated as “totosan,” i. e. tliat quantity of polysaccharide 
whicli, on (*.om])lete hydrolysis, wmuld give stoicduometrically the 
amount of tolose given iu column 5. 

Tf the treated glucide is a polysaccharide the aliquot amount for 
determining M-redose value is given in column t), and the correspoud- 
ing amount of monosaccdiaride or totose stoichiometrically calcu¬ 
lated given in (*-olumn 5. 

In column 7 is given the weighed quantity of (higO when M-redose 
lias bc<ui dctcrinined after treatment. 

Found monosa(*charidc in colmiin 3 denotes the quantity, calcu¬ 
lated from the weiglied amount of (higO. This caleulation was made 
iu the following way. The amount of M-redose corresponding to 
the weiglied quantity (^UgO was read from Table 26 in Ekelund 
(1916), “Determining Jteclucing sugar.” If the sugar in question 
was not glucose, this M-redose value was multipliedby the M-redose 
qiiotient belonging to the monosaceharide in question (given on 
p. 286 iu the same publication). Thus the value given in column 8 
is intended to give the ((uantity of monosaceharide found by M- 
redose metliod after treatment. 

(k)lumn 9 gives the same quantity of monosaceharide in jiercentage 
of (aihmlated totose in (adumn 5. 

]f the hydrolysis was ideal, “found monosaceharide” might be the 
same as the wanted totose. But as we do not know the species of 
sugar present in an unknown feed or food we must caleulate in 
anotlier more approximate way as in columns 10 and 11. 

Column 10 gives the found amount of HM-redosan. This value is 
calculated from the amount of M-redose obtained in the same way 
as montioned before. In this case the M-redose value is not multi- 
plied with the M-redose quotient, but with “hydrolyse-quotient” 
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0.927. Stoichiometrically this quotient would have been 0.900, but 
as it was found that in the case of glucose only 97.0 % of the cal- 
cnlated M-redose valne conld be attainod after Hägglund hydrolysis 
the quotient has been altered from 0.900 to 0.927, in order to make 
adjustment for the observed loss in the M-redose valne of glucose when 
treated as for Hägglund hydrolysis, or the hke. Often ‘‘redosan^^ is 
given when an incomplete Hägglund hydrolysis or anoiher hydrolysis 
is used, but then it is given only to make a eomparison possible. 

In column 11 is given the same amount as in 10 but in percentage 
of calculated totosan given in column 6 . Observe that calculated 
totosan in column 6 denotes calculated totosan (polysaccharide or 
monosaccharide minus water) stoichiometrically correct, and in the 
case of pentose or pentosan theoretically correct according to the 
formulas C 5 H 10 O 5 and (C 5 H 804 )n. In (iohimns 10 and 11 is given 
M-redose value multiplied by 0.927, absolutcly and in percentage of 
calculated totosan. In columns 10 and 11 no consideration is paid 
to what kind of glucide has been treated. The valuea given here are 
always the found M-redose value multiplied by 0.927. This factor 
may be approximately correct for glucose and polysaccharides only 
composed of glucose, but it is not correct for pentoses or pentosans 
as the stoichiometrical quotients are different for pentosan/pentose 
compared with hexosanjhexose. Nor is this factor (*orrect when other 
hexoses than glucoses are concerned, partly because no multiplica- 
tion has been made by the “M-redose quotient^’ in question, and 
partly because different inonosaccharides in different degrees may 
lose their reducing power during the treatment. 

These errors have been made purposely, with a view to seeing 
how great the error would be in different cases, if the “HM-redosan’’ 
value were determined in this way and considered as a nujasure of 
the quantity of glucide, calculated as “totosan’’ or monosaccharide 
minus one molecule of water for each molecule of monosaccharide. 

In this way it could be observed in what cases the percentages of 
glucide in relatively known substances could be estimated without 
great errors by determining M-redose after Hägglund hydrolysis 
and calciilating the found value as redosan in the above-mentioned 
way (HM-redosan). 


B. Treating different monosaceharides with 24 N H 2 SO 4 . 

The sugar sample and the 24,0 N H 2 SO 4 were kept at a tempera- 
ture of 20° C. To each 100 mg of sugar 1.00 ml of 24.0 N H 2 SO 4 
was added at a temperature of 20 ° 0. In some cases the proportions 
were a little altered but as the results were about the same, those 
results are given together with the others. For sugar samples weigh- 
ing 1 g, 50 ml beakers were used. For smaller samples 10 ml glasses 
with curved bottoms were used. 
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The mixture was allowed to increase its temperature because of 
hydratation, bnt care was taken that the temperature of its surround- 
ings was 20° C ± 2 . The mixture was placed in a desiccator, which 
was then evacuated to a pressure of below 20 torr. The air was 
then admitted and the mixture was crurnbled with a glass rod. The 
evacuation, air admission and crumbling were repeated until the 
mixture visually beeame a homogeneous solution. Af ter the solution 
had stood for a time (from ca. 1 h to ca. 14 h; the time was counted 
from the adding of 112804 ), it was almost neutralized and diluted 
to 75 ml in the same operation with a solution of NaOH. The water 
for dilution was used to get the mixture into a 400 ml beaker. 


Table 30. Beducing power expressed as found monosaceharide {spe- 
eies in question) and as redosan found after treating different mono- 
saceharides with 24 N at a temperature of 20"" C ±2. Sec Fig. 11, 
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lU2l^ 

mg 
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mg 
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1:25 



Frurtose 

201.0 

180.9 

96.3 

45.3 

22.6 

38.6 

21.3 

1:50 

— 

— 

» 

202.3 

182.1 

88.1 

41.4 

20.4 

35.3 

19.3 

2:00 

— 

—. 

» 

202.2 

182.0 

82.0 

38.5 

19.1 

32.7 

17.9 

2:15 

— 

— 

» 

201.7 

181.5 

86.2 

40.5 

20.1 

34.5 

18.9 

2:40 

— 


» 

502.1 

451.9 

206.B 

100.5 

20.0 

85.5 

18.9 

3:00 

— 

— 

» 

202.4 

182.2 

84.5 

39.6 

19.5 

33.7 

18.5 

4:00 

— 


Dt 

201.1 

181.0 

80.2 

38.0 

18.9 

32.0 

17.7 

4:00 

— 

— 

» 

150.2 

135.2 

60.5 

28.2 

18.8 

24.0 

17.7 

4:20 

— 

— 

» i 

502.2 

452.0 

207.4 

101.0 

20.1 

86.0 

19.0 

6:00 



»> 

201,0 

180.9 

77.3 

36.2 

18.0 

30.8 

17.0 

14:00 

— 


» 

500.4 

450.4 

195.1 

94.6 

18.9 

80.5 

17.8 

2:30 

— 

— 

Xylose 

150.1 

132.1 

142.9 

63.8 

42.5 

58.0 

43.8 

4:00 

— 



150.1 

132.1 

142.1 

63.5 

42.2 

57.7 

43.6 

2:30 

_ 

_ 

UaiartoHe 

150.1 

135.1 

144.8 

70.5 

46.9 

58.8 

43.5 

1 4:00 

— 

— 

‘ 

I 150.3 

135.3 

143.7 

70.0 

46.5 

58.5 

43.2 

2:30 

— 

— 

Maiinose 

150.1 

135.1 

177.6 

81.7 

54.5 

73.0 

54.0 

4:00 

— 

— 

» 

150.0 

135.0 

174.7 

80.4 

53.6 

71.6 

53.0 

i 2:00 

_ 

_ 

Glucoso 

202.9 

182.6 

284.7 

130.0 

64.0 

120.2 

65.9 

2:30 

— 

— 


150.0 

135.0 

203.0 

90.6 

60.5 

84.0 

62.2 

3:00 

— 

— 

» 

203.0 

182.7 

274.2 

124.8 ' 

61.3 

115.4 i 

63.2 

4:00 



» 

150.1 

135,1 

195.9 

87.2 

58.0 

80.8 

59.7 

4:00 

— 

— 


200.6 

180,5 

260.2 

118.0 

58.6 i 

109.1 

60.5 

6:00 

— 

— 

» 

201.1 

181.0 

253.5 

114.7 i 

57.0 ! 

106.1 

58.7 
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Fig. 11. Reduoing powers of difforeiit gluoidos after troating with 24 X H 2 S 04 {or 
different periods of timo. Reversion of sugars, hytirolysis of pplysaroharidos. See 

Tables 30 and 47-50. 


la this 400 ml beaker the reduciiifc power was delermiiied with the 
M-redose method (Ekelund 1946). The reducins' power was mea- 
Bured as weighed mg of Cu/), and also calciilated in percentage of 
the reducing power of the same weight of sugar without treating 
with 24.0 N HaS 04 . 

Some kinds of monosaccharides wero treated for different periods 
of time in this way and the results may be seen from Table 30 and 
Fig. 11 (above). It seems as if the reducing capacities of all the mo¬ 
nosaccharides examined at first fall rather rapidly and then after 
ca. 3 h become wery constant or at least decrease very slowdy, per- 
haps approaching an asymptote. 
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The lowering of the reducing power is known as “reversion” and 
depends at least partly upon a polymerisation of the monosaccharides 
to oligo- or poly-saccharides and perhaps partly on anhydratisation 
(see Tollens & Elsneb 1935, pp. 196, 418 and 514). Perhaps an 
equilibrium is reached within ca. 3-6 h in the polymerisation, but 
this equilibrinm may be partly distnrbed by a ‘‘hmnification^^ 
process (see p. 234). The “humification” of fructose and sorbose 
leads to dark-colonred, partly less soluble products. 

As may be seen later, the reducing power can be almost comple- 
tely restored for the aldoses, but only to a certain degree for the ke- 
toses. 


C. Treating glucose and fructose with 7 N 112804 . 

To about 1 g sugar was added at first 25.0 ml water and then 
10.0 n)l 24.0 N H 2 SO 4 , the whole at a room temperature of 20 ° C ± 2 . 
Af ter 4 li the reducing power was the same as before the treatment, 
as may be seen from Tablo 31 (belo\\). 


Table 31. Reducing potver expressed as found monosaceharide {spe- 
cies in quesiion) and as redosan found afUr treating glucose and fruc¬ 
tose with 7,0 N at a temperature of 20^ G±2, 
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— 
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325.0 

1 150.0. 100.0 

— 

— 


(i 

- i 

*> 

j 150.4 

! — 

337,4 

i 156.3 , 104.0 

— 

— 


2 

- ! 

Fnn‘t oso 

1 150.0 

j — 

295.2 

' 147.8' 98.5 

— 

— 


4 


» 

150.1 

1 

295.5 

147.9 98.6 

— 


1 

i i) 


» 

1 1.50.1 


290.5 

148.0, 98.7 

““ 

— 


D. Treatinq different monosaccharides first with 24 N, then with 

7 N U2SO4. 

To about 1 g sugar was added 10.0 ml 24.0 N 112804 at a tempe¬ 
raturo of 20° C ± 2 . The mixture was treated as described before 
(p. 225). 

15 — 48106 Kungl. LanibruJcahögakolans Annaler. Vol. 16 






228 


Sigvard Ekeltind 


Af ter 4 li the mixture was diluted to 7.0 with 26.0 ml water. 
Åfter 4 h more at a temperature of 20 ® C+ 2 , the solution was di¬ 
luted to öOO.O ml. 75.00 ml of tliis was taken for determining the 
reducing power of sugars treated in this way. 

The reducing power was hut little affected hy the treatment with 
7.0 N H 28 O 4 , as the resulting reduction was almost the same as 
after treating with 24.0 N H 2 SO 4 only (see Tahle 32, below and Fig. 
12 , p. 229). 


Tahle 32. Reducing power expressed as monosaccharide found (spe- 
cies in question) and as redosan found after treating different mono- 
saccharides with at first 24 N and then 7.0 N at a temperature 

of 20^ G±2. ^eeFig.12. 
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4 
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Fructose 

150.3 

135.3 

05.2 

30.4 

20.2 

25.8 

19.1 

4 

4 

— 

Xylose 

150.0 

132.0 

144.8 

64.1 

42.7 

58.9 

44.6 

4 

4 

— 

Galactose 

150.3 

135.3 

145.0 

70.5 

40.8 

58.9 

43.5 

4 

4 

— 

Mannose 

150.2 

135.2 

170.0 

78.2 

52.0 

69.7 

51.5 

4 

4 

— 

Glucose 

150.3 

135.3 

190.5 

84.7 

56.3 

78.5 

57.9 

4 

— 

— 

Fructose 

201.1 

181.0 

80.2 

38.0 

18.9 

32.0 

17.7 

4 

— 

— 

» 

150.2 

135.2 

60.5 

28.2 

18.8 

24.0 

17.7 

4 

— 

— 

Xylose 

150.1 

132.1 

142.1 

63.5 

42.2 

57.7 

43.6 

4 

— 

— 

Galactose 

150.3 

135.3 

143.7 

70.0 

46.5 

58.5 

43.2 

4 

— 

— 

Mannose 

150.0 

135.0 

174.7 

80.4 

53.6 

71.6 

53.0 

4 

— 

— 

Glucose 

150.1 

135.1 

195.9 

87.2 

58.0 

80.8 

59.7 

4 

— 

— 

i> 

201.1 

181.0 

253.5 

114.7 

57.0 

106.1 

58.7 


The last series froiu Table 30. 


E. Treating glucose and fructose with 0.7 N H 2 SO 4 for 16-48 h at 20^ G. 

To about 1 g sugar was added at first 346 ml water and then 10.0 
ml 24.0 N H 28 O 4 , the whole at a temperature of 20 ® O ±2. After 
16-48 h the reducing power was about the same as before the treat¬ 
ment, as may be seen from Table 33 (p. 230). Thus by keeping sugar 
overnight in 0.70 N H 2 SO 4 the reducing power may not change to 
any degree worth mentioning. 
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Fig. 12. Keduciiig powors of diffcrerit inoiiosaccharidos af ter the different treat- 
inents iiicluded in Hägglund hydrolysis. Rt^versiou — hydrolysis, See Tables 

30, 32, 39 and 40. 

F. Boiling glneose and fructose wiih 0,7 N H 2 SO 4 . 

To about 1 g sugar was addod 345 ml water and tlien 10.0 ml 24.0 
N 112804 . The Solutions were boiled with reflux condenser for periods 
varyiiig between 2 and 7 h. 

After cooling tbe Solutions were neutralized and in some cases 
diluted to 500 ml, and from these 75.0 ml was taken for deterrnining 
reduoing power by the M-redose method. In tbe boiling period the 
heating time was included, but tbe cooling time was not. 
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Table 33. Bedudng power expressed as monosaccharide found {spe- 
des in question) and as redosan found after treating glucose and fructose 
with 0.70 N at a temperature of 20° G±2, 
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5 

7 

8 

9 1 

Treating time in h 
and m with HaS 04 

20 °c ± 2 

0.70 N 

Species 

of 

glucide 

Calculated mg of 

totose 

Reducing power expressed as 

mg 

CU 2 O 

monosa 
found, 
in qu 

mg 

ocharide 

species 

cstioii 

% of~ ” 
calc. 

22:30 

Glucose 

150.1 

322.8 

149.0 

99.4 

22:30 

» 

150.3 

324.3 

149.7 

99.5 

16:00 

Fructose 

150.1 

297.2 

148.9 

99.2 { 

16:00 

! 

150.3 1 

297.0 

149.0 

99.2 

22:30 < 

» 

150.3 

295.6 

148.0 

98.5 

! 22:30 

» 

150.1 

295.8 

148.0 

98.5 

j 24:00 

1 

1 *> 

150.3 1 

298.0 

149.1 ! 

99.2 

24:00 


150.1 

298.3 

149.5 

99.4 

1 48:00 

1 

150.3 

296.1 

148.3 , 

99.3 

48:00 

1 

150.1 

296.3 

148.5 

99.5 


The glucose lost little in reducing power af ier boiling for (> h, but 
the fructose lost nearly half of its redu(‘ing power, as is seen from 
Table 34 (p. 231). The decrease of the reducing power of fructose 
may also be seen from Fig. 13 (p. 232). 


G. Treating glucose and fructose first with 24 N H 2 SO 4 and then boiling 
with 0.7 N H 28 O 4 with or without intermediate trcatmcnt with 7 N 

1.000 g fructose was treated with 24.0 N 112804 as described on 
p. 225 and then with 7.0 N II 2 SO 4 as described 011 p. 228. Finally 
the solution was diluted with 320 ml water to 0.70 N H 28 O 4 . The 
solution was allowed to stand overnight. 

The next day the solution was boiled for different periods of time 
with reflux condenser. After boiling, aliquot parts were taken for 
determining redose. The results may be seen from Table 35 (p. 233) 
and Fig. 14 (p. 234). The reducing capadty before boiling, expressed 
as found fructose, is about 17 to 19 per cent of calculated (Tables 1 
and 3). By boiling, the reducing power, expressed as found fructose, 
rose very rapidly up to about 70 to 75 per cent around a period 
of 4 h. 
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Table 34. Bedudng power expressed as monosaccharide fomd {spe- 
des in question) and as redosan found after treating boiling glueose or 
frtictose different periods of time wiih 0.70 N E^SO^. 8ee Fig. 13. 


1 i 2 

Troating time 
and m with ! 

20 ± 2 

in h 

^8804 

Boiling 

SpecioB 

of 

glucide 

1 «_ 

Calculated mg of 

j" 

totoflo i totosan 

mg 

8 1 9 1 10 1 11 ’| 12 

Reducing powor exprosaed as 

monosaccharide 1 

found, species i redosan found 

in question | 

\A.0N 

7.0 N 

0.70 JV' 




CuaO 

mg 

% of 
calc. 

mg 

% of 
calc. 

mean 



0 

Glueose 





100.0 


103.1 


— 

— 

4 

» 

160.1 

136.1 

318.1 

146.6 

97.7 

135.9 

100.6 


— 

— 

f) 

» 

löO.O 

136.0 

317.4 

146.3 

97.5 

135.6 

100.4 


— 

— 

6 

» 

150.3 

136.3 

317.1 

146.1 

97.2 

135.3 

100.0 

' 1 1 kO A 


— 

fi 

» 

150.1 

135.1 

316.1 

145.6 

97.0 

134.9 

99.9 

/ lUU.U 



0 

» 

1.50.3 

135.3 

316.8 

146.0 

97.1 

135.2 

99.9 


— 

- 

7 

t> 

150.0 

136.0 

314.1 

144.6 

96.4 

134.0 

99.3 


_ 

— 

0 

Fructose 

— 

— 

— 

— 

100.0 

— 

94.6 


— 


2 

)> 1 

210.0 

189.0 

385.6 

197.3 

94.0 

167.9 

88.7 

1 

— 

.... 

2 

» 

210.0 

189,0 

374.5 

192.9 

91.7 

162.5 

86.0 

1 04 9 


— 

2 


149.0 

134.1 

266.0 i 

I3i.7 

88.4 

112.0 

83.5 

< o*.6 


— 

2 


149.3 

134.4 

253.4 i 

125.0 

83.7 

106.3 

79.2 


-- 


4 

» 

210.1 

189.1 

295.2 1 

147.2 

70.1 

125.2 

66.3 


— 


4 


210.1 

189.1 

294.8 

147.1 

70.0 

125.1 

1 66.2 

65.0 



4 

') 

150.1 

135.1 

204.3 

99.3 

66,1 

84.5 

62.5 

1 

— 


0 

)> 

210.1 

189.1 

227.6 

111.3 

53.0 

95.0 

50.2 


— 


0 

'> ! 

210.1 

189.1 

230.5 

112.8 

,53.6 

i 96.0 

50.7 


— 

. - 

0 

» ! 

150.1 

135.1 

1,50.0 

71.8 

47.8 

61.0 

45.1 

> J.7 n 


- 

0 

» 

150.1 

1.35.1 

153.7 

73.6 

49.0 

1 62.7 

46.4 

9: i.U 



6 

» 

160.1 

136,1 

1 146.4 

70.0 

46.6 

59.5 

44.0 

1 



0 


150.0 

135.0 

; 1.50.4 

72.0 i 

48.0 

61.2 

45.3 


- 

1 

1 

7 


150.1 

13.5.1 

122.9 

58.3! 

38.8 

49.7 

36.8 

1 


After about 4 h the reducinj? power decreaBes aj^aiii, The decrease 
is not so rapid as t hat of boiling fnietose without preceding troat- 
ment (sco Table 34, abovo and Fig. 14, p. 234). This may possibly be 
duc to the formation of redindng (ioiupounds other than fructose, 
which are more resistarit to the boiling with 0.70 N H 2 SO 4 . 

If we omit the treatmeiit with 7.0 N H 2 SO 4 , and go direct from 
the 3 h treatment with 24.0 N H 2 SO 4 to the boiling in 0.70 N H 2 SO 4 
by diluting witli 345 ml of water, we attain a curve that is very si¬ 
milar to the pre(‘eding one but the deereasing part of this curve is 
more identical to the curve from boiling fructose without preceding 
treatment (see Table 36, p. 235 and Fig. 15, p. 236). It seems as if 
the intermediate treatment with 7.0 N II 2 SO 4 contributed to protect 
the reducing power of the fructose a little, possibly through formation 








232 


Sigvard Ekelund 



h boiling in 0.7 N 


Fig. 13. Reducing power of glucoae and frurtoae as influenoetl by lioiling in 0.7 
N H 2 SO 4 . Moan (4) signifies a mean froin 4 individual valuos. Seo Tablo 34. 


of other reducing substances more resistant to tlie boiling with 0.70 

N Hii804. 

Again in Table 36 (p. 235) and Fig. 15 (p. 236) we see the results of 
treating gluoose in a similar way. As expeeted the reducing power 
inereases from about 60 to 65 per cent of that caleulated beforc 
boiling, to 94 to 96 per cent after boiling for 2 to 4 h. From 
later treatments wo will see tliat after 6 h of boiling glucose 
will give 97.0 per cent of caleulated reducing power (see Table 55, 

p. 260). 
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Table 35. Beducing power expressed as monosaceharide found {spedes 
in qucstion) and as redosan found af ter treating fructose with at first 
24 N n280^ for 3 h, then with 7.0 N for 3 h, and finally hoiling in 
0.70 N for different periods of time. See Fig. 14. 


1 

2 

3 

4 

5 1 

6 

7 

8 

9 

10 

11 

Troat 
and n 

20 °C 

24.0 ;v 

ing time in h 

Q with HjiS 04 

3 + 2 1 Boiling 

Speciea 

of 

glucide 

Calculated mg of 

Roducing power expressed 

as 

found 

totoae 

totosan 

mg 

CuaO 

monosaceharide 
foimd, Bpecios 
in quostion 

1 % of 
i calc. 

redosan 

7.0 N 

0,70 N 

mg 

% of 
calc. 

3 

3 

2 

Fructose 

100.1 

90.1 

135.7 

63.5 

63.4 

54.1 

60.1 

3 

3 

2 

» 

100.1 

90.1 

152.9 

73.2 

73.1 

62.1 

69.0 

3 

3 

4 

» 

100.1 

90.1 

149.3 

71.5 

71.4 

60.8 

67.5 

1 

3 

4 


100.1 

90.1 

156.2 

74.8 

74.7 

. 63.6 

70.6 

3 

3 

0 

» 

100.1 

90.1 

129.3 

61.6 

61.5 

52.4 

58.2 

3 

3 

0 

» 

100.0 

90.0 

111.3 1 

52.8 

52.8 

44.8 

49.8 

3 

3 

10 

» 

100.4 

90.4 

83.6 

39.2 

39.1 

33.4 

37.0 

i " 

3 

10 

» 

100.1 

90.1 

56.2 i 

26.2 

26.2 

22.3 

24.8 

3 

3 

12 1 

)> 

100.1 

90.1 

80.6 

37.8 

37.8 

32.2 

35.8 

3 

i 3 

12 

» 

1 

100.1 

90.1 

51.9 

24.1 

24.1 

20.5 

22.8 

3 

3 

14 1 

» 1 

100.1 

00.1 

51.9 

24.1 

24.1 

20.5 

22.8 

3 

' 3 

14 

» 

100.1 

90.1 

48.7 

22.6 

22.6 

19.3 

21.4 


Tii Fi^. 16 (p. 237) aro seeii tlie roduclion curv^es from Figs. 13 and 
15. If wo add tlio lossoB in reduciiig power by boiling fructose direct 
in 0.70 JV II 2 SO 4 to the reduction curve from boiling fructose in 
0.70 N H 2 SO 4 af ter treating with 24 N H 2 SO 4 , we obtain a new 
curve, a little more like the glucose curve from Fig. 15. 

If fructose were not at all destroyed by boiling in 0.70 N H 28 O 4 
we would expect a curve like the dotted one. The curve attained 
by the addition above does not agree very much with this “expected’’ 
curve. The reactions seom to be very complicated, and this treatise 
does not seem to provide an explanation. 

IlÄGGLUNi) & Klingstedt (1924) aiid Häggluni) & Proffe (1933) 
determined fructose in sulphiie cellulose hydrolysate without taking 
into account the losses duriiig dissolution and hydrolysis. Even 
Braconnot (1819), the first to produce sugar from linen in a similar 
manner, observed that sucrose gave rise to dark colouring in a much 
higher degree than linen. IIönig & Schubert (1888) also showed 
that inulin gave rise to dark coloured products. Negrerg & Pol¬ 
lack (1910) carne to the general conclusion that “humin substances’’ 
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3 h in 24N and 3 h in 7N H^SO^ at 2(fC 


Fig. 14. Roducing power of fructose aftor treatment with 24 K 112804 for 3 h, 
7 N for 3 h and boiling for difforont periods of time in 0.7 N 112804 . 8ee Tablo 35. 


■were formed of the fructose component from glucidcs coiitaining 
fructose in treatment with fairly concentrated 1 X 2804 . PAtonEmo 
(1929) confirmed these observations concerning fructose and sucrose. 

Norman & Jenkins (1933, 1934) showed that especially fructose, 
sucrose and xylose, and even arabinose, in prolonged treatment with 
24 N H 28 O 4 gave rise to an insoluble residue, which, however, was 
inconsiderable if the treatment only lasted 2 hours. Pamford & 
Campbell (1936) broadly confirmed this. Hilpert & Littman 
( 1934) investigated the composition of “apparent lignin,” artificially 
made of arabinose, fructose, xylose, and other glucides, and they 
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Table 36. Reducing power expressed as monosaecJiaride fmnd {spe- 
cies in question) and as redosan found after treating glucose or fructose 
with at first 24 N jor 3 h and then boiling in 0.70 N H^SO^ 

for different periods of iime. See Fig. 15. 


r'n 

2 

8 

4 



7 

8 

d 

10 

n 1 

Treating time in h 
and m with H 51 SO 4 

20° C i 2 j Boiling 

24.0 N i 7.0 ISI 0.70 N 

Specioa 

of 

glucido 

Calculatcd mg of 

1 

j 

totose j totosan 

Ror 

mg 

CuaO 

lucing powor expressed as 

monosaceharide | 
found, species redosan found 
in question | 

j % of 1 1 % of 

[ calc. ' calo. 

3 


0 

Ghicoso 







63.2 (‘ 

3 


2:15 

» 

142.0 

127.8 

292.6 

133.9 

94.3 

124.0 

97.2 

3 

_ 

3:15 

» 

142.0 

127.8 

292.0 

133.6 

94.1 

123.8 

97.0 

3 

— 

4:15 


141.8 

128.0 

297.6 

136.3 

96.1 

126.3 

99.0 

3 

— 

6 

t) 

— 

““ 

—• 

— 

— 


100 .0(’' 

3 

_ 

0 

Fructose 

_ 

_ 

__ : 


_ 


18.5(* 

3 

— 

l 

i 

106.3 

95.7 

146.1 

70.0 

65.9 

64.9 

67.8 

3 


2 

n 

107.0 

96.3 

155.8 

74.7 

69.8 

69.2 

71.7 

3 

. 

2:15 

t) 

212.6 

191.3 

293.6 

146.4 

68.8 

135.7 

70.8 

3 

_ , 

3 

)) 

107.1 

96.4 

143.5 

e8..5 

64.0 

63.5 

ÖS. 8 

3 


3:15 

» 

212.6 

191.3 

271.4 

134.3 

63.2 

124.6 

65.1 

3 


4 

1 » 

106.4 

95.8 

115.8 

55.0 

51.6 

51.0 

53.1 

3 

— 

4:15 

*> 

212.0 

191.3 

243.8 

1J9.9 

56.4 

129.2 

67.5 

, 3 

— 

5 

» 

106.6 

96.0 

114.2 

54.1 

50.9 

50.1 

52.1 1 

i ^ 


(\ 

i 

106.6 

96 0 

102.9 

48.6 

46.6 

45.0 

46.9 

1 3 

- 

! 8 

! )) 

106.4 

95.8 

68.5 

32.7 

30.7 

30.3 

31.0 1 

3 


i 10 

i 

106.3 

95.7 

47.2 

22.0 

20.7 

20.4 

21.2 1 


^ from Tal). 30. ^ from Tab. 55. 


found similar clcmentary eompositions as for eoniferous lignin 
produced by 24 N 112804 . The problem of the yield of tlie reducing 
power of fructose after hydrolysis may well be of greater importance 
in nutritional analysis than in wood analysis. Several authors assert 
that polyfructosan oeeurs in feeding stuffs, and this has beeii previ- 
ously discussed in conm*etion with inredose determination {see p. 
194). It must, therefore, be taken into consideration that hay can 
contain fructose both in free form, and combined either in suerose 
or polyfructosans. 

The fructose eontent (fr<»e f combined) has not been invcstigated 
in feeds but an attem])t has been made to estimate the eontent by 
comparing t he results of tw^o different hydrolysing methods arranged 
to destroy frueiose in different degrees. These results are very un- 
certain but indicate less fructose than would be expeeted by the 
investigations mentioned above. We return to these inTcstigations 
in connection with the inventory of feeds (see p. 303). 
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3 h in 24 N H^SO^ ot 20K 

Fig. 15. Roducing powers of glucose and fructoso after treatmcnt with 24 N 
H]S 04 for 3 h and boiling for different periods of time in 0.7 ^ H J 8 O 4 . Seo Table 30. 


H. A few attempts to differentiate glucose and fructose in order better to 
estimate the total glucide content in the presence of a considerable content 

of fructose. 

From the previous experiments it has been made clear that fructose 
more easily than glucose loses its reducing powor in different treat- 
ments, especially in the boiling with 0.70 N H 2 SO 4 . It would, there- 
fore, be justifiable to suppose that the fructose content in a mixture 
of glucose and fructose could be estimated by making a prolonged 
hydrolysis and taking out samples for determination of redose at 
two different points of time during hydrolysis. One might expect 
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Fig. 16. Reduring powers of glucoso and fructose after difforent treatments. 
Ourves froxn Figa. 13 to 15 an<i caloulations from thom. See text p. 233. 


tliat tlie relation betweon the reducing; power after tho long:er period^s 
boilin^? and tliat of the sliorter period’s boiling would be almost 
completely dependent on the fructose content in a mixture. In 
Table 37 and Fig. 17 the results of such an experiment are given. 
The boiling was earried out so that after 6 h it was interrupted and 
a sample was taken for determination of redose, after wdiieh the 
boiling w^as not continued until the next day, and finished after a 
further 6 h boiling. 

Glucose, treated in this manner, had, after the longer boiling 
period, a reducing power of ca. 98-100% of that received after 6 h 
boiling. Fructose, after 12 h hydrolysis, had 36-42 % of the reducing 
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Table 37. Redudng power expressed as monosaceharide found {speoies 
in question) and as redosan found after treating glucose, fruotose or 
sucrose with at first 24 N for 3 h and then boiling in OJO N 

H^SO^ for 6 or 12 h. 8ee Figs. 17 and 18, 


1 

Troat 

and 

20 ° < 

2 

1 8 

4 

-» 1 « - 

Calcu lated mg of 

7 

'b “ 


. i®. 

expre 

ased as 

osan found 

ing time in h 

Species 

of 

glucido 


Roduci 

monosa 
found, 
in qu 

ng pow( 

3± 2 

Boiling 

totose 

totosan 

mg 

:;charide 

species 

ostion 

red 

24.0 JV 

7.0 N 

0.70 N 


CU 2 O 

mg 

% ol 
calc. 

mg 

% of 
calc. 

6 +6h 

6 h 

3 


6 

Glucose 

106.3 

96.7 

227.1 

102.0 

95.9 

94.5 

98.7 




6+6 




225.1 

101.0 

95.0 

93.6 

97.8 

99.0 

3 

— 

6 

» 

106.3 

96.7 

226.8 

101.9 

95.7 

94.5 

98.6 




6+6 




222.3 

99.7 

93.7 

92.5 

96.5 

97.9 

3 

— 

6 


106.6 

96.0 

229.7 

103.2 

96.8 

95.8 

99.8 




6+6 




225.4 

101.2 

95.0 

94.0 i 

98.0 

98.2 

3 

3 

6 

» 

108.0 

97.2 

229.8 

103.3 

95.7 

95.9 i 

98.5 




64-6 

» 



231.2 

104.0 

96.3 1 

96.4 ; 

99.1 

100.6 

3 

— 

C 

Fructose 

106.3 

96.7 

99.8' 

! 47.1 

50.1 

40.1: 

41.9 



i 

6 1 6 


1 

1 1 

36.8 1 

17.1 

16.1 

14.5 ' 

15.2 

36.3 

3 

3 1 

6 

» 

107.8 1 

97.0 

101.4 

47.8 

44.3 

40.7 ' 

41.9 




64 6 


i 


43.2 

20.1 

18.7 

17.1 ' 

17.0 

42.1 

3 

3 

6 

1 Sucrose 

113.7 

! 102.4 

177.7 

78.7 

69.3 

73.0 , 

71.2 




64 6 




145.2 

63.8 

56.1 

50.1 ' 

57.7 

81.0 

3 

— 

6 

Glucose -1- ! 

85.2+ 

: 96.0 

197.0 


— 

81.2 , 

84.7 ; 




6 + 6 

-f-Fructoso! 

21,4 


182.4 

i 


75.0 

78.1 

92.2 

3 1 

— 

6 

Glucose 4- 

85.6 1- 

97.7 

215.6 

_ 1 

— 

89.4 i 

91.4 ; 




64-6 i 

+Sucrose 1 

23.0 i 


201.8 



83.5 ' 

85.5 ' 

93.5 


powet after 6 h. Experiments witb sucrose and mixtures of glucose 
and sucrose or glucose and fructos (5 have of eourse given interme- 
diate resulls, but not sufficiently in agreement with tlui straiglit 
line between them to be able to use the method for ostirnating the 
fructose content in a mixturo of glucose and fruotose. 

In this eonnecfcion it is also of interest to soe the arrangement 
in Fig. 18 of some rcsults from Tables 37 and 38. From this figure it 
is seen that the reduction values received from mixtures of fruclose 
and glucose agree with the interpolated reduction values for tlie 
different species of sugar. In the figure tbree lines have becn drawn, 
one for the treatment during 4 h with 24 N H 2 SO 4 4 4 h 7.0 N H 2 SO 4 
+ 6 h boiling in 0.70 N H 2 ÖO 4 . The second curve from above gives 
the same result on treatment with the same concentrations of acid 
3+3+6 h (in a few cases the intermediate step is omitted, which 
does not seem to have liad any noticeable effect). The dotted line 
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Fig. 17. Attompts to ostiiiiate frucioso ooiitent lu mixtiires glucose—fructose 
by deterituiung rodosan with different boiliiig poriod^, ti h or 6 4- 6 h. Mean (4) 
ftigiiifies a mean from 4 individual \’aluos. 8oo TabJo 37. 


indicatos the rcdiiction values after tlio satiie ireatments for 3+0 + 
12 h. Il ert*, also the resulta ajrree wit.h t he straiglit line. The results, 
however, never a^^^ee suffidently well with the strai^^ht line to make 
it posaible to estimatc the fructose content in the desired manner 
froin the relation hetween the redudiig v^alue after 12 h boiling and 
the same afl-er 6 h boiling. This is also shown in Fig. 17. 

No flirt her attempts have boen made to determine fructose in 
hydrolysate. Already at a previous stage some doubt has been ex¬ 
pressed eoneerning the methods inost used in this connection, narnely 
colorimetric. methods employing resorcinol, einanating from the so- 
ealled Seliw anoff’s method. Oiice again it seems as though it 
were irnpossible to determine fructose after either of the methods 
I have tried to elaborate. 


1. VariouH hydroli/fiitig conditions for a numher of sugar species. 

In Tables 39 and 40 several resnlts have been colleeted of greatly 
varying hydrolysing conditions for all the more import ant sugar 
species. From these we see, as regards the sugar species glucose, man- 
noso, galactose and arabinose, that it is of relatively little importance 
wrhether the hydrolysing conditions are reasonably varied. But for 
sorbose and fructose, however, these variations are of great impor¬ 
tance. This is natural, seeing that sorbose and fructose on the wdiole 
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Table 38. Eeduoing power expressed as monosaccharide found (spe- 
eies in question) and as redosan found after treating glueose, fructose 
and mixtures or both of them with at first 24 N 5 ^ 2 ^ 04 , then 7 N E280^ 
and finally boiling in 0,70 N H^SO^, 8ee Fig, 18, 


1 

2 

ä 

4 

6 

6 

7 

8 

L... 



Treating time in h 
and m with H 2 SO 4 


CJalculatod mg of 

Reducing power expressed 

os 

Species 

ot 

glucide 


- 


monosaccharide 



20 ° ( 

24.0 N 

D ± 2 

7.0 N 

Boiling 

0.70 N 

totoso 

totosan 

mg 

CU 2 O 

found, 
in qu 

mg 

species 
estion 
*% ot 
oalc. 

redosar 

mg 

foimd 

% of 
calc. 

4 

4 

6 

( Glueose 
\Fructose 

100.1 

0 

1 90.1 

220.3 

98.8 

98.7 

91.5 

101.4 

4 

4 

6 

f Glueose 
\Fructoso 

90.3 

10.1 

1 90.4 

210.4 


““ 

87.2 

96.5 

4 

4 

6 

/Glueose 

\Fructose 

80.2 

20.2 

1 90.4 

192.1 

-- 

-- 

79.3 

87.8 

4 

4 

6 

i Glueose 
\ Fructose 

50.2 

50.0 

!• 90.2 

100.9 

— 


05.7 

72.8 

4 

4 

C 

/Glueose 

(Fructose 

0 

10 U .2 

1 90.2 

106.9 

50.6 

50.5 

43.0 

47.7 

4 

4 

6 

Suerose 

158.2 

142.7 

282.9 

114.4 

72.3 

106.0 

74.3 



Fig. 18. Yields of reducing power after hydrolysis of different mixtures of fructose 
and glueose. Mean (4) sigiiifios a mean from 4 iiidividual values. See Tablos 37 

and 38. 
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Table 39. Bedudng power expressed as monosaccharide found (spe- 
des in question) and as redosan found after treating Jceto-hexoses or 
pentoses mth ^ 2 ^ 04 . 


1 _ 



4 

■n 

6 

7 

1 8 

9 

10 “ 

11 

Troating time 

in h 
12804 

Boiling 

0.70 N 

Species 

of 

glucide 

Calculaied mg of 

Reducing power expressed 

as 

20 ° ( 

24.0 N 

^ ± 2 

7.0 N 

totoeo 

totosan 

mg 

CU 2 O 

' monosaccahride 
! found, species 
j in question 

i 1 % of 

i ! calc. 

redosar 

mg 

found 

/o oi ( 
calc. 1 

2 


4 

Sorboso 

149.1 

1.34.2 

159.7 

j 

i 94.8 

63.5 

65.1 

1 

48.5 ! 

3 

3 

fi 

» 

150.7 

135.6 

91.4 

53.3 

35.4 

36.6 

27.0 1 

17 

— 

6 

» 

151.2 

136.1 

83.8 

39.3 

26.0 

33.4 

24.5 ; 

2 

_ 

4 

Fruetose 

U9.2 

134.3 

184.5 

i 89.2 

59.7 

75.9 

56 6 i 

3 

— 

6 

» 

213.3 

192.3 

176.1 

84 8 

39 8 

72.1 

37.5 

3 


() 


213.3 

192.3 

187.2 

: 90.6 

42.5 

77.1 

40.1 

3 

3 

() 

» 

106.3 

95.7 

101.4 

1 47.8 

44.9 

40.7 

42.5 

3 

3 

e 

» 

100.0 

90.0 

111.1 

: 52.7 

52.7 

44.8 

49.8 

4 

4 

0 


150.3 

135.3 

151.8 

' 72.6 

48.3 

61.7 

45.6 j 

i 4 

4 

0 


101.2 

91.1 

110.4 

, 52.3 

51.6 

44.5 

48.8 1 

1 4 

4 

0 

» 

100.2 

90.2 

106.9 

: 50.6 

50.5 

43.0 

47.7 ! 


— 

4 

» 

150,9 

135.8 

109.8 

: 52.0 

34.5 

44.2 

32.6 , 

1 


6 

» 

151.1 

136.0 

106.9 

, 50.5 

33.3 

42.9 

31.5 

0 

_ 

4 

Xylose 

148.9 

131.0 

306.3 

1 143.3 

96.1 

130.4 

99.5 

! 3 

— 

0 


! 141.8 

124.8 1 

284.6 

; 132.3 

93.5 

120.3 

96.4 i 

4 

4 

6 


150.3 

132.3 

298.7 

, 139.5 

92.8 

127.0 

95.8 i 

4 

4 

<> 

» 

100.9 

88.8 

209.7 

' 95.6 

94 8 

87.0 

98.0 1 

17 

— 


i 

151.0 

132.9 

281.3 

131.0 

86.7 

119.0 

89,6 i 

! 2 

_ 

4 

Arabinose 

i 148.8 

130.9 

332.1 

149.0 

100.2 

142.3 

108.9 

3 

3 

r> 


100.4 

88.4 

225.1 

1 98.0 

97.6 

93.6: 

106.0 

4 

4 

6 

» 

100.3 

88.3 

223.5 

97.5 

97.2 

93.0 

105.2 

17 

— 

6 

» 

150.9 

135.8 

320.6 

1 143.4 

95.1 

137.0 

101.0 

3 

3 

0 

KhamiioHO 

149.7 

148.0 

266.5 

1 141.5 

94.7 

112.0 

75.8 


lose niore rediicing capacity than tlie otlier sugar species meutioned 
above. 

These results show that the road on which we have embarked 
does not lead to a reasonable estimation of fructOxSe in a mixture 
of monosaccharides obtained by hydrolysis of hay. Every attempt 
made to separate glucose and fruetose with different strong liydro- 
lyses have failed, sinco too strong acid action also destroys other 
monosaccharides besidcs fruetose. 

Also an attempt to use 50 % stronger acid during tlie entire hydro¬ 
lysis in order to separate glucose and fruetose failed for the same 
reason. Xylose, too, oceupied here an intermediate position be- 
tween glucose and fruetose, thus making it impossible to estimate 
fruetose in this manner. (See Table 41, p. 243.) 
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Table 40. Redudng power expressed as monosaccharide found {species 
in question) and as redosan found after treating aldo-hexoses with 


1 

2 

3 

4 

6 

6 

7 

8 


10 

11 

Treat 
and I 

24.0° 

24.0 

izig time 
n with ; 

c ± 2 

1.0 N 

in h 
I 2 SO 4 

Boiling 

0.10 N 

Species 

of 

glucide 

Caleulat 

totoao 

ed mg of 

totosan 

Rec 

mg 

OU 2 O 

lucing p 

monoaa 
found, 
in qu 

mg 

ower 63 

:charide 
species 
estion 
' % of 
ealc. 

rpressed as 

redosan found 

r % of' 

1 calc. 

2 


4 

Mannose 

148.8 

133.9 

306.7 

146.4 

98.4 

130.8 

97.6 

3 

— 

6 


142.1 

128.2 

291.2 

138.8 

97.5 

123.7 

96.2 

3 

3 

6 

» 

150.1 

135.1 

304.4 

145.3 

96.8 

129.8 

94.9 

4 

4 

0 


160.1 

13Ö.1 

299.9 

143.0 

95.3 

127.6 

94,3 

17 

— 

0 

)) 

151.0 

135.9 

301.9 

144.0 

95.2 

127.4 

93.8 

i 2 

— 

4 

Glucose 

149.2 

134.3 

321.9 

148.5 

99.5 

137.5 

102.2 

3 

— 

6 

» 

142.1 

128.2 

305.5 

140.3 

99.5 

130.0 

101.2 

3 1 

3 

6 

» 

107.9 

97.1 

229.8 1 

103.3 

96.0 

95.9 

98.7 1 

4 

4 

0 

)> 

103.8 

93.4 

225.9 

101.4 

97.8 

94.0 

100.7 i 

4 

4 

0 

» 

100.1 

90.1 

220.3 

98.8 

98.7 

91.5 

101.4 i 

4 

4 

6 


150.1 

135.1 

317.3 

146.2 

97.4 

95.9 

98.7 

17 

— 

ö 


151.0 

135.8 

311.3 

143.2 

95.0 

133.0 

98.0 

2 

_ 

' 4 

Galaetose 

149.2 

134.3 

297.5 

151.2 

100.7 

126.4 

94.1 1 

3 

— 

6 

» 

142.1 

128.2 

275.7 

139.3 

98.0 

116.3 

90.7 1 

4 

4 

0 

» 

150.0 

135.0 

288.4 

146.2 

97.5 

122.0 

90.4 j 

4 

1 4 

ö 

» 

100.2 

90.2 

199.5 

98.6 

98.4 

82.3 

; 91.3 ' 

17 

1 

1 0 

» 

150.9 

135.8 

292.4 

148.9 

98.6 

1 124.1 

91.5 i 


J, Variation in the period of treatment with 24 N H 2 SO 4 . 

In order to find out liow aeourately oiie inleds to measure the 
period of treatment with 24 N H 2 SO 4 , systematic atteiiipts have 
been made with glucose and fructose, a» shown in Tables 42 and 43, 
and Figs. 19 and 20 . Kegarding glucose tho 4 h period seems to be 
nnfortunately chosen, as the differencc is especially grcat in redudng 
capacity in just the 3-5 h period. For this reason it wx)uld be more 
suitable to chose a period either below 3 h or above 5 li, in order to 
obtain reproducible values. In the following a period of 3 h has 
been chosen, which, if cellulose is definitcly to be dissolved, is a 
minimum, as will be shown later. 

The same experiments with fructose give different eurves on dif- 
ferent days, as shown in Fig. 20. The variation is very great. It 
is indeed curious that such even, though dissimilar, eurves can be 
obtained on different days, in spite of the faet that eaeli point on 
the curve is the result of an entirely separate experiment. Each 
curve brings together the points representing experiments made 
on the same day. 
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Table 41. Reducing power expressed as monosaccharide found (spe- 
des in question) and as redosan found af ter treating glucose, fruetose^ 
sucrose or xylose with at first 36 N for 2 h, and then boiling 

in 1.05 N H^SO^ for 6 h. 


Treaiing time in h 
and m with H 2 SO 4 

4 

V 

6 

7 

' 1 

" 9 1 

10 1 

11 

Spocios 

of 

gluoide 

Calculated mg of 

Kediicing powor exprossod 

aa 

totOHC 

totosan 

mg 

(^ugO 

monoHaccharido 
found» spocios 
in qiiostion 

1 % of 
“8 1 calc. 



20 ± 2 

36 N 

Boiling 

1.06 N 

redosan 

mg 

found 

' %Tf 

calc. 

2:30 

0 

Ghicose 

149.3 

134.2 

302.3 

138.7 

92.9 

128.6 

95.6 

2:30 

6 

» 

148.9 

133.8 

296.9 

136.0 

91.4 

126.0 

94.1 

2:30 

0 

Sucrose 

224.1 

201.0 

227.0 

102.0 

45.5 

94.7 

47.0 

2:30 

0 

» 

224.5 

202.3 

223.7 

100.4 

44.7 

93.1 

46.0 

1 2:30 

0 

Fructoso 

213.2 

194.9 

47.1 

21.8 

10.2 

18.5 

9.5 

2:30 

6 

» 

213.1 

194.8 

43.9 

20.4 

0.6 

17.3 

9.0 

i 2:30 

0 

Xylose 

140.2 

131.0 

1 117.0 

52.3 

35.1 

47.5 

36.1 

2:30 

6 

A 

148.9 

130,8 

1 124.9 : 

55.5 

37.2 

50.5 

38.5 


Table 42. Reducing power expressed as monosaccliaride found (spe- 
des in question) and. as redosan found af ier treating at first with 24 N 
for different periods of tbncy and iheu boiling for 6 h in 0.70 
N H^SO,. See Fig. 19. 



~2 

3 

4 

5 

! ' 0 ’ 

-7 


9 

U) 

~ 11 

Trentinc tiino in li 
and m with HgSOj 

20° (W 2 ! Boiling 

24.0 N . 7.0 .V 1 (».70 N 

»Spccins 

of 

glucido 

Falculated rng of 

totoac totosaii 

Hedueing power expressed 

'rnont>saccharulc 
found, speciea redosan 
111 que.stiou | 

: % „f 1 ■ 

•"8 ; o«lo, i "’8 

os 

found 

% of 
ealc. 

0 


6 

GIuco.so 

150.2 

135.2 

316.8 

146.0 

97.2 

135.2 

100.0 

1 


6 


149.2 

J34.3 

322.8 

149.0 

99.9 

138.0 

102.7 

2 


6 

» 

149.1 

134.2 

319.3 

147.2 

98.7 

136.3 

101.4 

3 

— 

(i 

»> 

148.6 

133.7 

318.9 

147.0 

99.0 

136.1 

101.9 

4 


ti 

*> 

148.9 

134.0 

312.8 

144.0 

96.8 

133.4 

99.7 

5 


ti 

D 

148.8 

133.9 

312,2 

143.7 

96.5 

133.0 

99.4 

6 


6 

)) 

148.9 

J34.0 

311.2 

143.2 

96.3 

132.7 

98.9 

1 

_ 

(> 

» 

212.6 

191.3 

437.0 

208.3 

98.0 

193.0 

100.8 

2 

__ 

ti 

»> 

212.7 

191.4 

437.1 

208.0 

97.8 

192.7 

100.6 

3 

_ 

ti 

» 

212.7 

191.4 

437.8 

208.4 

98.0 

193.1 

100.9 

4 

— 

6 

»> 

212.9 

191.6 

437.0 

208.0 

97.8 

192.7 

lOO.G 

5 


6 


212.7 

191.4 

430.8 

204.7 

96.3 

189.8 

99.0 

6 

— 

6 

» 

212.0 

191.3 

430.9 

204.7 

96.3 

189.8 

99.0 

16 

_ 

ti i 

» 

212 .fi 

191.3 

431.3 

205.0 

96.4 

190.1 

99.3 


^ Thifl valuo is a itK^an from Table 34. 

16 - 48106 Kungl. LantbrukahogskolariH Annaler. Vol. 16 
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Table 43. Bedudng power expressed as monosaccharide jound {species 
m question) and as redosan found after treaiing fruetose with at first 
24 N ^ 2^04 for different periods of time, and then boiling for 6 h 
in 0,70 N H2S0^, See Fig, 20, 


1 

—r 

- 

4 

~6 

« 


8 '“ 

e 

10 

11 

Treatiiig tirao in h 
and m with H 2 SO 4 

Species 

of 

glucide 

Calculat 

totose 

B(l mg of 

totosan 

Re( 

mg 

CU 2 O 

lucing power e^ 

monosaccharide 
found, species 
in qiipstion 

epressed as 

redosan found 

20 ® c ± 2 

Boiling 

24.0 AT 

7.0 N 

0.70 N 

mg 

% of 
calc. 

mg 

% of 
calc. { 

0 


6 

Fruetose 

160.1 

135.1 

150.1 

71.8 

47.8 

61.0 

45.1(*' 

1 

— 

0 

» 

148.8 

133.9 

145.0 

69.4 

46.6 

59.0 

44.1 ; 

2 

— 

6 

» 

148.9 

134.0 

139.0 

60.2 

44.5 

56.4 

42.1 

3 

— 

6 

» 

148.9 

134.0 

139.3 

66.5 

44.7 

66.6 

42.2 

4 

— 

6 

» 

149.0 

134.1 

125.9 

59.8 

40.1 

50.9 

37.9 

5 

— 

6 


149.1 

134.2 

126.9 

60.4 

40.5 

51.3 

38.2 

6 

— 

6 

» 

148.7 

133.8 

128.8 

61.3 

41.2 

52.1 

38.9 

1 

— 

6 

» ’ 

212.6 

191.3 

189.3 

91.6 

43.0 

84.9 

44.3 

2 

— 

6 

* 

212.6 

191 2 

213.5 

104.0 

48.8 

96.2 

50.2 

3 

— 

6 

» 

212.6 

191.3 

199.9 

67.1 

45.7 

90.0 

47.0 

4 

— 

6 

» 

212.5 

191.2 

182.5 

88.1 

41.4 

81.6 

42.6 

5 

— 

6 

» 

212.6 

191.3 

230.2 

112.9 

53.1 

104.4 

54.5 

6 

- 

6 

»> 

212.6 

191.2 

205.7 

100.0 

47.0 

92.7 

48.4 

16 

— 

6 

» 

212.6 

191.2 

142.4 

68.0 

32.0 

63.0 

32.8 

24 

— 

6 

» 

212.8 

191.6 

143.0 

68.3 

32.1 

63.3 

33.0 

1 

_ 

6 

» 

212,7 

191.4 

162.5 

78.1 

36.7 

72.5 

37.8 

2 

-- 

6 i 

» 

212.7 

191.4 

184.9 

88.4 

41.5 

82.0 

42.8 

3 


6 

» 

212.7 

191.4 

196.4 

94.8 

44.5 

87.9 

45.9 

4 

_ 1 

6 

» 

212.7 

191.4 1 

196.5 

94.9 

44.5 

88.0 

45.9 i 

5 

— 

6 

» 

212.7 

191.4 

191.9 

93.0 

43.7 

86.1 

45.0 ! 

6 

1 — 

6 

» 

212.7 

191.4 

177.6 

85.7 

40.2 

79.5 

41.5 i 

1 

— 

6 

» 

212.7 

191.4 

148.2 

70.8 

33.3 

05.7 

34.3 : 

1 24 

! 

6 

» 

212.7 

191.4 

146.5 

69.0 

32.4 

04.0 

33.4 i 


1 Meaii from Tablo 34. 


K. Determining ^^maltredonan^’ in order to esiimate ‘■^availahle" glu- 

(tides. 

A description (p. 196) has been previously given of an attempt to 
hydrolyse disaccharides with 0.70 N H 2 SO 4 by boiling for 2 hours. 
Table 44 (p. 247) shows the result of the same method of hydrolysis 
on starch and inulin. In this table the results from comparable 
investigations in the previous tables 13, 14 and 34 have also been 
included. 
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Fig. 19. Yield of roducing powor of gluooae after different treatment periods with 
24 N H 2 »S 04 iri tlie total hytJrolysis. Sec Table 42. 


Briefly tlie foUowiug errors caii be <*aleulate(i by estiiruiting; toto- 
saii in this manner: 


Iiiulin. 

.—20% 

Friietose. 

.—16% 

»Suerose. 

.— 8% 

Startih. 

.— 5% 

Lactose. 

__2 % 

IVlaltose. 

.i 0 % 

Glucose . 

. 4- 2% 


The variation in losses is somewliat too jrreat for the method to 
be used as a method to any great advantage. Yet it secms 
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Fig. 20. Yield of reducirig powor of fructose af tor difforont troatrnoni periods 
with 24 N H 2 SO 4 in the total hydrolysis. See Table 43. 


that thc method could be of iise in doterminin^j ^,du(*ide in, for in- 
stance, alcohol extract of material fairly ricli in inaltose, and also 
containing a little redose and suerose. 

The redosan determined by this method is called “maltredosan.” 

L. Variations in performance of total hydrolysis of polysaecharides, 

Quite naturally one eannot expeet reversion when (.'otton or starch 
is dissolved in 24 N 112804 . On the eontrary, we ean obser ve a 
certain degree of hydrolysis (see 11, p. 226). It is not obvious 
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Table 44. Beducing power expressed as momsaccharide found {species 
in question) and as redosan found after hoiling starch^ inulin or sugars 
with 0,70 N H^SO^ for 2 h {redosan found after tJiis Tiydrolysis called 

maltredosan). 



2 

3 

4 

■ 8-| 

6 

7 

8 1 ^9 1 

lo' 1 

11 

Treating time in h 

Species 

of 

glucido 

(^alculated mg of 

Reducing power expressed 

as 

20 °( 

24.0 N 

J ± 2 

7.0 JST 

Botling 

0.70 N 

totoao 

totosan 

mg 

CU 2 O 

monosaccharide 
found, species 
in question 

' " 1 % o7 

■"S i calc. 

redosan found 

1 % of 
"■S 1 oalc. 



2 

Staroh 

147.7 

133.0 

290.5 

132 . 9 ! 90.1 

123.0 

92.6 

— 

— 

2 

» 

147.7 

133.0 

304.2 

139.7 ' 94.7 

129.4 

97.2 

— 

— 

2 

Inulin 

148.3 

133.6 

255.2 

126.8: 84.7 

107.0 

80.2 

— 

— 

2 

» 

147.8 

133.1 

252.5 

124,7 1 84,4 

106.0 

79.8 

— 

— 

2 

Suoroso 



[from Tab. 14) 


92.9 

— 


2 

« I 


( » 

» » ) 


90.1 

— 


2 

Malt., 1 aq 



[from Tab. 13) 


100.1 

— 

- 

2 

» 


( »> 

» ) 


99.6 

— 

— 

2 

Lact., 1 aq 



[from Tab. 14) 


97.5 



0 

» 



( » 

f> » ) 


98.4 

— 

— 

2 

Glucose 


(mterpolaterl from Tab. 34) 


101.8 

—; _ 

_-- 

2 

Fnictose 

1_ 

(inean from Tab. 34) 


84.3 


from Fi". 11 t hat tlie mlucinf? powers of different gluco-glucides 
approach to the same asymptote as conld perhaps be expected. 
Biit the reprodiicibility is not good enough to show sucb a pheno- 
menon with suoh a small number of determinations. 

It was sliown tliat 3 li in 24.0 N 112804 , followed by 3 li in 7.0 N 
H 28 O 4 , was enough pre-treatment before the hydrolysis of cotton or 
stareh by 6 h boiling in 0.70 ^ H 28 O 4 . This pre-treatment gave a 
niaxirnuni in reducing capacity after 5 to 6 h boiling (Table 45, p. 
248), (Fig. 21, p. 249). 

16 or 20 N H 28 O 4 could not dissolve e.otton in one day, whcreas 
21.6 N was able to do so. As may be seen from Table 46 (p. 250) and 
Figs. 22 and 23 (p. 251 and 252) about 4 h in 21.6 N U2SO4 was not 
enough to cornplete the hydrolysis by 6 h boiling in 0.70 N UaSOi. 

2 h in 24.0 N 112804 proved to be enough, however, even without 
the treatment with 7.0 N acid. In the analysis of hay a treating of 

3 h in 24.0 N IT 28 O 4 has been given before boiling in diluted acid, 
in order to obtain a cornplete hydrolysis, even if “inerusting’^ or 
“impregnating’’ substances retard the hydrolysis. 

36 N H 28 O 4 partly destroyed the reducing power of the hydro- 
lysate already after 2 h. 
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Table 45. Beducing power expressed as monosaccharide jound (species 
in question) and as redosan found af ter treating, See Fig, 21, 


1 

f 2 

3 

4 

5 

6 

7 

3 

9 ■ 

10 

11 

Treat 
and 1 

20 

ing time in h 

Species 

of 

glucide 

Caleulated mg of 

Keducing powor expressed 

as 

3 ± 2 

Boiling 

totose 

totosan 

mg 

CujO 

monosaccharide 
found. species 
in question 

redosan found 

24.0 N 

7.0 N 

0.70 AT 

mg 

% of 
calc. 

mg 

% of 
calc. 

3 

3 

3 

Cotton 

160.0 

144.0 

307.6 

141.3 

88.3 

131.0 

90.9 

3 

3 

4 

» 

160.0 

144.0 

331.2 

]n3.2 

95.8 

142.0 

98.5 

3 

3 

5 

» 

160.0 

144.0 

331.3 

153.3 

95.9 

142.1 

98.6 

3 

3 

6 

» 

160.0 

144.0 

337.9 

156.5 

97.2 

145.0 

100.7 

3 

3 

3 


160.0 

144.0 

321.4 

148.2 

92.6 

137.6 

96.5 

3 

3 

4 


160.0 

144.0 

320.3 

147.7 

92.3 

136.9 

95.0 

3 

3 

5 

» 

160.0 

144.0 

3.30.8 

153.0 

95.5 

141.9 

98.5 

3 

3 

6 

» 

160.0 

144.0 

327.5 

151.3 

94.5 

140.3 

97.5 

3 

3 

7-f-3 

» 

! 160.0 

144.0 

332.1 

153.7 

96.0 

142.3 

98.9 

3 

3 

7 + 6 ! 

( 

»> 

160.0 

144.0 

332.5 

153.9 

96.1 

142.6 

99.0 

3 

3 

6 

Starch 

144.8 

130.3 

303.1 

139.2 

96.0 

129.2 

99.0 

3 

3 i 

d 1 

Inulin 

152.0 

137.0 

150.2 

71.9 

47.3 

61.2 

44.7 


Accordiug to af Ekenstam (1936) tlie lowest concentration of 
H 2 SO 4 to dissolve cotton is 20.8 N at 20° C, and the ideal concentra¬ 
tion is about 22.4 N, As af Ekenstam was more intcrested in the 
dissolving problem than in hydrolysis we cannot imniediately say 
that this concentration is better for dissolving and hydrolysis, But 
we can say that there is good reason for more experiments with 
cellulose hydrolysis, beginning with dissolving by 22.4 N H 2 SO 4 
and using concentrations between 22.4 and 24.0 A. 

We can sum up the results of the experiments with differently 
concentrated H 2 SO 4 for dissolving (and hydrolysis of) c.otton in the 
following synopsis (at 20 ° C); 

20.0 N too low to dissolve cellulose within 24 h; 

20.8 N minimum concentration for dissolving (AP Ekenstam, 
1936); 

21.6 N will need about 10 h for dissolving (the time extrapolated); 

22.4 A ideal concentration for dissolving (af Ekenstam, 1936); 

23.2 A not investigated by af Ekenstam or in this treatise; 

24.0 A most used concentration for dissolving and hydrolysis. 

Probably 22.4 A would also be an ideal concentration for dissolv¬ 
ing and hydrolysis, were it not for the faet that the dissolving period 
must probably be extended. Possibly the yield of reducing sugar 
could be a little higher, espc^cially from fructo-glucides. 
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3 h in 24- N and 3 h in 7 N at 2CPC 

Fig. 21. Yield of roclucing power of cotton after 3 h in 24 JV HgS 04 , 3 h in 7 'N 
and boiling for different period» of time with 0.7 See Tablo 45. 


Table 47 (p. 253) alöo shows that the treatiiig with 7.0 ^ H 2 SO 4 
is unnecessary. When this trcatment is omitted we attain maximum 
even after the same boiling i)eriod 5 to 6 h. If the pre-treatment 
with 24.0 JV 112804 is prolongcd to 17 h about the same result is 
attained as from the usual 3 h, as may be seen from Table 48 (p. 253), 
and Fig. 24 (p. 257). 

Table 49 (p. 255) and 50 (p. 255) and Fig. 25 (p. 256) show similar 
results for starch hydrolysis. The maximum reduction, however, is 
already attained after about 3 h boiling. Wlien the pre-treatment is 
prolonged to 17 h, the maximum is attained a littlc later. 
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Table 46. Bedueing power expressed as monosaccharide found (spedes 
in question) and as redosan found after treating eotton with different 
concentrations of H 2 SO 4 . See Figs. 22 and 23, 


1 

1 2 

3 

4 

5 

6 

7 

8 

« 

10 1 

11 

Treatmg time iii h 
and m with H 2 SO 4 

Spocios 

of 

glucido 

Caleulat 

0 d mg of 

Reducing power exprcHsed 

i monoaacoh ande i 

as 

20 ° c ± 2 

Boilirija: 

totOMC 

totosaii 

mg 

CU 2 O 

found, species 
in question 

redosan found 

21.4 N 

7.0 N 

0.63 N 




mg 

% of 
calc. 

mg 

% of 
calc. 

1 


6 

Cotton 

151.8 

1.36.6 

76.0 

32.6 

21.7 

30.2 

22.1 

2 

— 

6 

» 

151.8 

136.5 

123.2 

53.7 

35.4 

49.7 

36.4 

3 

— 

6 

» 

151.8 

136.5 

166.1 

73.3 

48.3 

67.9 

49.7 

3:45 

_ 

6 

» 

151.8 

136.5 

215.8 

96.6 

63.7 

89.6 

65.6 

24 N 

1 

_ 

0.70 N 

6 

Cotton 

151.8 

136.5 

285.4 

130.3 

85.9 

120.8 

88.3 

2 

— 

6 

» 

151.8 

136.5 1 

321.2 

148.1 

97.6 

137.2 

100.5 

3 

— 

6 

)> 

151.8 

136.5 

318.9 

147.0 

96.9 

136.2 

99.8 

3:45 


1 0 

» 

151.8 

136.5 

318.3 

146.7 

96.6 

135.8 

99.5 

' 36 N 

2 


1.05 N 

6 

Cotton 

227.5 

204.3 

366.9 

171.3 i 

7.5.4 ! 

i 

159.0 

77.8 

2:30 

— 

6 

» 

158.6 

142.9 

292.5 

133.81 

84.4 

124.0 i 

86.8 

2:30 

— 

6 

» 

159.3 

143.6 

292.4 

1,33.8 1 

84.0 : 

124.0 i 

86.4 

3 


6 

i . 

227.5 

204.3 

366.8 ! 

171.3 

75.4 i 

159.0 1 

77.8 


In table 51 (p. 257) are some resnlts from total liydrolysis of poly- 
saccharides put togetlier. Inulin after hydrolysis givey a very low 
yield in reducing power. In order to obtain a liiglier reductioii from 
inulin a hydrolysis was tried with only 2 h pre-treatmeiit and only 
4 h boiling. By this method better results were obtaiiied for inulin, 
but even these were not good. The reducing power of eotton hydro- 
lysate was a little low after this hydrolysis. (Table 52, p. 257.) 

Different hydrolysing methods were used on gum arabic and agar 
with very constant results (Table 53, p. 258). 

The vague definitions in existence for diff eren tiating (»ellulose 
from other glucides presuppose that these must be easier to hydro- 
lyse than cellulose. The eonelusion must therefore be drawn that all 
glucides must be completely hydrolysed if cellulose is completely 
hydrolysed. The hydrolysis of glyco-cellulose (eotton) is the only 
cellulose to have been tested. ISTo test of the hydrolysis of xylo- 
cellulose or manno-cellulose could be carried out, as no satisfaetory 
preparations could be found. (This type of denomination was 
already proposed by Schulze 1891). Two samples of feeding cellu¬ 
lose, namely sulphite cellulose and sulphate cellulose, have also 
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h in 2^ or 21. t, N H^SO^ before 
6 h boiling in 0.7 N H^SÖ!^ 


Fig. 22. Yicld of rccUioing power of cotton after treatinent with 24 N or 21.6 N 

H 2 H() 4 . 8ee Table 46. 

beeii iuvefitigated as re^jarcis thcir redosan conteiit, and it would 
seem that ihc results are oii the whole eorreet. Tliis iiidieates that 
all the ^lucidcs most difficult to hydrolyse will also be iiieluded in 
the redosan content. 

IIÄGGLUND & PnoFFE (1933) and Hägglund & Bratt (1936) 
have investi^ated the mannan content of wood and wood cellulose 
by determining mannose after total hydrolysis. Wise et al. (1948) 
havo observed that the yield of mannose after treating as for total 
hydrolysis of cellulose is not 100% of the theoretical yicld. Hägg- 
lund’s detcrminations of fructosan have been previoiisly touched 
upon (see p. 233). 




252 


Sigvard Ekelund 



Fig. 23. Influence of HgS 04 concentration in the first treatnient (dissolving) 
in total hydrolysis on redosan yield. Soo Tablo 46. 


M. High pressure hoiling with 0.7 N H 2 SO 4 . 

Several authors, as Heuser & Boedecker (1921), and Budni- 
KOFF (1923), have tried to boil at higher pressure and temperature 
(usually about 120° C for 2 h in 0.4 to 0.6 N IlgSO^). In this treatise 
many attempts havo been raade to heat at higher temperature and 
pressure in 0.7 N H 28 O 4 with several saraples of glucides and feeds, 
but the results were much less reproducible than after the usual 
boiling. Pressures have been tried between 840 and 1520 torr for 
different periods of tiine. * • 
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Table 47. Beducing power expressed as monosaccharide found {species 
in question) and as redosan found after treating eotton for 3 h with 24 N 
and boiling in 0.7 N 5^2/804 for varying periods of time. See 
Fig. 24. 



2 

3 

4 

—fn 

ö 

7 1 

8 

9 "' 

fo"" 

11 

r* 

Treating time 
and m vfiih ] 

20® C ± 2 

in h 
I,S 04 

Boiling 

0.70 N 

Speciea 

of 

glucido 

Calculatod mg of 

i 

1 

totose itotosan 

1 

1 

( 

Roc 

mg 

CujO 

liicing powor expressed as 

monosaccharide j 
found, species redosan found 
in question ! 

24.0 N 

1.0 N 

mg 

% of 
calc. 

mg 

% of 
calc. 

3 


0 

Cotton 

151.8 

136.5 

108.1 

46.9 

30.0 

43.4 

31.8 

3 


0:30 

» 

151.8 

130.5 

177.9 

78.8 

52.0 

73.0 

53.5 

3 

— 

1 

» 

151.8 

136.5 

227.9 

102.4 

67.5 

94.9 

69.5 

3 

— 

1:30 

n 

151.8 

130.5 

258.9 1 

117.3 

77.2 

108.8 

79.7 

3 

— 

2 

» 

151.8 

136.5 

284.4 

129.8 

85.3 

120.2 

88.1 

3 

— 

l 3 

» 

151.8 

136.5 

308.2 

141.7 

93.3 

131.2 

96.0 

3 

_ 

I 

1 4 


151.8 

136.5 

313.6 

144.3 

95.2 

133.8 

98.0 

3 

1 

1 « 

i 

151.8 

136.5 

314.3 

144.7 

95.4 

134.1 

98.2 

3 

_ 

H 

It 

151.8 

1.36.5 

311.7 

143.4 

! 94.5 

133.0 

97.4 


Table 48. Redunng power expressed as monosaccharide found {species 
in question) and as redosan found after treating eotton for 17 h with 
24 N and boiling in 0.70 N for varying periods of time. See 

Fig. 24. 


a I 


10 


11 


Treating time in h 
and m with H 2 SO 4 

20 ° C ± 2 . Boihng 

24.0 iV j 7.0 ' 0.70 A* 

Species 

of 

glnr'id<^ 

(^alculat 

totOHP 

e«l mg ot 

totosan 

Reducing powor expressed aa 

' monosaccharide' 

' 1 

found, sjwcies • redosan found 
; 111 question 

1 : % of ■ ‘ % of 

1 calc. ‘ calc. 

17 


0 

('otton 

158.0 

142.4 

178.2 

78.9; 49.8 

73.0 

51.2 

17 

—. 

1 

1 

” i 

1 158.8 

143.0 

284.5 

129.9: 81.8 

120.2 

84.1 

17 


2 

•» 

159.1 

143.2 

314.8 

145.01 91.2 

134.3 

93.9 

17 

— 

3 


159.3 

113.4 

328.4 

161.8 i 96.3 

140.7 

98.0 

17 


4 

» 

158.3 

142.4 

331.3 

153.2! 96.7 

142,0 

99.7 

17 

— 

5 

» 

158.8 

143,0 

334.0 

154.9 1 97.5 

143.4 

100.3 

17 

_ 

6 

» 

159.0 

143.1 

335.3 

155.2 1 97.6 

144.0 

100.6 

17 

— 

7:30 

»> 

226.0 

203.6 1 

445.8 

218.1 ; 96.5 

202.1 

99.3 

17 

— 

8 

» 

226.4 

204.0 

454.2 

217.2 95.7 

201.2 

98.6 
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0 + 

0 


5 

h in boiling 0.7 N 


-r 

10 


Fig. 24. Influence of difforent boiling periods in 0.7 N JTgSO^ and of difforent 
pro-treatment periods on redosan yiold from cotton. Soe Tables 47 and 48. 


4. Redosan method, a proposal for estimating 
totosan contente 

A. Beagents, 

a. 24.0 N, 667 ml of concentrated (36.0 A) H 2 SO 4 is diliited 
to 1000 ml. Should be checked by titration. 

b. BaOJSj 12.0 A, 480 g/l of AaOH. Should be checked by titration. 

c. Beagents needed for the M-redose method (Ekelund 1946, p. 275) 
without 6.0 A NaOH. 
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Table 49. Redming power expressed as monosaccharide found (spedes 
in questioyi) and as redosan found aper treating starch far 3 h with 24 N 
11280 i and boiling in 0,7 N H 280 ^ for varying periods of time. See 

Fig, 26, 



2 

"3 

4 

5"'i 


“7 


» 

10 

11 

1 Treating timo in h 

i rv. TT.KH. 

Sjwcies 

of 

gluciclo 

Calculated mg of 

Heducing power expressed 

as 

20° ( 

I 

1 

1 24.0 N 

^ ± 2 1 Boiling 

7.0 N 1 0.70 JV 

1 

totose 

totosan 

mg 

CU 2 O 

monosa 

found, 
in qii 

mg 

jcharido 

Hpecies 

estion 

% of 
calc. 

redosan found 

! calc. 

^ 3 


0 

Starch ! 

143.3 

128.9 

116.4 

50.7 

35 4 

47.0 

36.4 

3 

— 

0 

)V 

136,7 

123.0 

130.4 

67.(» 

41.7 

52.8 

43.0 

1 

— 

0:30 


136.7 

123.0 

225.8 

101.4 

74.3 

94.2 

76.7 

3 

— 

1 

» 

136.7 

123.0 

267.6 

121.6 

89.9 

112.7 

91.5 

, 3 

— 

2 


143.4 

129.0 

299.1 

137.1 

95.7 

127.2 

98.5 

3 

— 

3 

» 

143.2 

128.8 i 

1 306.9 

141.0 

98.3 

130.8 

101.3 

i 3 


4 

» 

143.5 

129.1 1 

304.5 

139.8 

97.5 i 

129.7 

99.7 

3 

— 

5 

» 

143.4 1 

129.0 1 

307.0 

1 141.0 

98.3 

130.8 

101.3 

' 3 


0 

» 

143.5 

129.1 

301.0 

1 138.0 

96.3 

128.0 

98.5 

3 

— 

8 

)> 

143.3 

128.9 

1 305.1 

1 140.1 

97.8 

130.0 

100.8 


Table 50. Redueing power expressed as monosaceharide found {species 
in question) and as redosan found af ier ireaiing starch for 17 h wiih 
24 N boiling in 0,7 N 11280^ for different periods of time. 

8ee Fig, 26. 


_i I _ 2 _I 3 I 4 _ j 5 I cl 7 I 8 I_ [) _I 10 I 11 I 

Troat.ing iiiuo in h | Culrulali-d ing of Tioduoing power exprosHod otJ 


and in with H2SO4 | 

i 

20 ° C 2 Boilmg ■ 

24.0 y j 7.0 y 1 0.70 N 1 

Spocies 

of 

gluL-ide 

1 

' 

1 totoao 

1 

1 

1 

totosall, 

1 iiionosaccharido i 
■ found, sjieciea | redosan 
' m question 1 

1 ; - !“■ ' 

/o ot ; 

: ' calc. 1 ' 

i 

i 

foimd 

% of 
calc. 

17 


i 

: 0 j 

Starch 

143.3 

128,9 i 

i i I 

162.8 1 71.8' 50.0 1 

66.6 , 

51.5 

17 

— 

. 1 1 

» 

1 143.8 

129.3 ' 

208.7 ! 122.1 1 85.0 : 

113.2; 

87.6 1 

17 

— 

^ 1 


143.8 

129.3 ' 

2110.7 ' 133.0! 92.6 1 

133.2 1 

95.4 ! 

17 

— 

: 3 1 

» 

. 143.5 

129.1 . 

291.4 133.3: 93.0 

123.6 j 

95.6 ; 

17 

— 

1 4 ! 

» 

I 143.4 

129.0 I 

300.6 1.37.9 i 96.0 , 

127,7 1 

98.7 1 

17 

— 

; 1 

» 

1 143.6 

129.2 ; 

302.0 1 138.5 ! 96.5 ] 

128.3 ; 

99.4 i 

17 

— 

1 (i 1 

» 

: 143.4 i 

129.0 1 

296.9 1 1.36.0 94.7 i 

126.0 , 

97.5 1 

17 


1 7 ! 

» 

! 143.5 

129.1 i 

300.8 i 138.0: 96.2 , 

127.9 : 

99.0 ! 
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h in boiling O.tN H^SO^ 


Fig. 2o. Influence of differont boiling periods in 0.7 N HjSOj and differont pre- 
troatment periods on redosan yield from starch. See Tables 49 and 50. 


B. Procens of determination. 

The air-dry hay is milled in a Wtley (1925) mill (see Fig. 1 , p. 185) 
to pass 1 mm sieve. 1.000 g of the milled hay is treated in a 50 to 
100 ml beakcr with 10.0 ml of 24.0 N 112804 at 20° C +2 for 3 h. 
The mixtnre is allowed to raise its teinperature because of hydrata- 
tion, bnt care is taken that the temperature of the surroundings be 
20 ° C+ 2 , and that the mixtnre be not exposed to the sunshine. 
The mixtnre is placed in a desiccator, wliich is evacuated to a pres- 
sure of below 20 torr. Then the air is let in and the mixtnre is cmmb- 
led with a glass rod. The evaenation, air admission and crnmbling 
is repeated until the mixtnre visibly bccomes a homogeneous so- 
Intion. 
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Table 51. Beducing power expressed as monosaccharide found (species 
in quesiion) and as redosan found after treating mrious polysaecharides 
for 3 h with 24 N and boiling in OJO N for 6 h. 


l'' 1 ' 

1 '2 

8 

4 

■ 5 ' 

6 

r "7 ‘' 


' 9 ' ' 

lö 

11 

Treating time in h 
and m with H 2 SO 4 

20° C ± 2 1 Boilinp 

24.0 AT 1 7.0 iV j 0.70 N 

Specios 

ot 

glucido 

Caloulated mg of 

toiose j totosan 

1 

1 

Reducing power ex 

1 monosacohando 
j found, spccies 

1 in quesiion 

i i % of' 

1 “8 1 ealo. 

pressod 

redosar 

mg 

as 

found 

% of 
calo. 

3 

; 

0 

(''otton 

151.0 

135.9 

311.8 

143.5 

95.2 

133.2 

98.2 

3 

— 

() 

! » 

226.7 

204.0 

456.7 

218.6 

96.5 

202.8 

99.5 

3 

— 

0 

i * 

226.7 

204.0 

456.2 

218.3 

96.3 

202.4 

99.2 

3 


« 


226.9 

204.3 

454.3 

217.3 

95.8 

201.5 

98.3 

3 

— 

0 

»Viflrosei>(^ 

— 

188.8 

435.3 

— 

- 

192.0 

101.7 

3 

— 

t; 

Starch i 

136.3 

122.8 

286.1 

130.7 

95.7 

121.0 

98.0 

3 

_ 

() 

» 

204.7 

184.1 

423.8 

201.0 

98.2 

186.2 

101.0 i 

3 

— 

0 

liiulin 1 

215.5 

194.0 

190.4 

92.3 

42.7 

78.5 

40.4 

3 


0 

» i 

__1 

215.5 

194.0 

189.3 

91.7 

42.4 

78.0 

40.2 


1 Calrulatod as if gUioo-oellulose. 


Table 52. Beducing power expressed as monosaccharide found {specics 
in quesiion) and as redosan found after treating various polysaecharides 
for 2 h with 24 N E^^O^ and boiling in OJ N E^^O^ for 4 h. 


1 I 2 I 3 I 4 I r> I (i I__8_1_ 9 I 10 111 i 


Trenting tiine 
and m ^\llh ] 

20 ° C ± 2 

24.0 N 7.0 .V 

in li 

d2»04 

Boiling 

0.70 y 

S})oriPH 

of 

glucido 

Caloulateil rng of 

totose totosan 

i 

Rec 

mg 

CugO 

lucing f 

nionosa 

found, 
in qu 

mg 

ower 

ccharide 

spooies 

estion 

% of 
calc. 

pressod aa 

redosan found 

j % of 
i c-alc. ! 

2 


4 

Cotton 

158.9 

143.0 

325.5 

150.3 

94.7 

139.2 

97.5 1 

2 

- 

4 


158.9 

143.0 

322.5 

148.8 

93.6 

137.8 

96.4 1 

2 

— 

4 

Starch 

142.9 

128.7 

307.1 

141.1 

98.8 

130.9 

102.4 

2 

— 

4 

» 

142.9 

128.7 

304.8 

140.0 

97.9 

129.7 

100.7 

2 

_ 

4 

liiuIin 

150.9 

135.8 

202.2 

90.2 

59.8 

83.0 

61.0 

2 

— 

4 

» 

150.9 

135.8 

194.2 

86.4 

57.3 

80.0 

58.9 ! 

1 
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Table 63, Reäucing power expressed as monosacchariäe found (species 
in question) and as redosan found aper treating gum arabie or agar agar 
with for different periods of time. 


1 1 

2 

8 

* 1 

5 1 


7 

8 

9 

10 


Treating time 
and m with 1 

20® C ± 2 

in h 
‘I 2 SO 4 

Boiling 


Caleulated mg of 

Keducing powor expressed 

as 

Speciea 

of 

glucide 

totose 

dry 

mattor 

mg 

CU 2 O 

monosac(5liarido 
foimd, species 
in question 

r% of 

1 calc. 

redosan found 

1% ofdry 

1 xi. 

, mattor 

24.0 N 

7.0 N 

0.70 N 

2 


4 

Gum arabie 


126.3 

246.8 



103.3 

81.8 

2 

— 

4 

» 

— 

126.3 

243.4 

— 

— 

101.7 

80.3 

3 

— 

6 

» 

_ 

121.0 

232.2 

— 

— 

97.0 

80.2 

3 

- 

0 

» 


180.5 

347.3 


— 

149.4 

82.8 

17 

— 

6 


_ 

126.3 

252.1 



105.7 

83.5 

17 

— 

6 


— 

126.3 

252.6 

— 

— 

106.0 

83.7 

2 

— 

4 

Agar agar 

— 

126.3 

176.3 

— 

— 

72.2 

57.1 

2 


4 

» 

— 

126.3 

176.8 

— 


72.5 

57.3 


— 

0 

» 

— 

181.0 

23Ö.8 

— 


100.3 

55.5 

3 

- 

6 

» 

— 

180.5 

238.3 



99.4 

55.0 

17 1 


6 

» 


126.3 

160.7 


— 

69.5 

55.0 

17 



» 

— 

126.3 

168.3 

______ 

— 

68.8 

54.5 


3 h after tlie adding of 1 X 2804 the niixture is diluted with 315 ml 
of water and by means of this watcr pnt into a flask of 500 ml with 
a rcflux condenser. In this flask the sohition is boiled nnder ndlux 
for 6 h (the diluted sohition can rest overnight before boilirig). 

hen the solution is eool again 75.0 ml is taken for determining 
redose by the M-redose raethod (Ekeluisd 1946, p. 276), but instead 
of 10.4 ml 6.00 N NaOH, 9.6 inl 12.0 N iNaOll is added in order to 
neutralize the aeid at the same time. 

Aft^er the CU 2 O has been weighed tlie correspoiiding pereentage 
of redosan can be read in Tablc 54 (p. 259). In Table 55 (p. 260) are 
seen the results from determining redosan in different piire glucide 
preparations. In Table 56 (p. 261) and Fig. 26 (p. 262) the results 
from all glucide determinations proposed in this treatise are given. 

C. Some commentaries. 

As rcflux Gondenser a glass tube of 1.5 m length is better than 
most water-cooled rcflux condeiisers (at least in a room of 20 ''( 3 ). 
Weighing Controls have shown losses wlien water-cooled reflux 
condensers were used, but never when using the 1.5 m glass tubes 
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Table 54. Redoaan % eorresponding to mg Cu^O at determination of 
redomn, (IMOO g sample^ 10,0 ml 24,0 N 345 ml water, 75,0 

ml for analysis^ calculated yiéld in reducing power of glucone 97,0%, 
See definitio7i of ^^redosan^^ p, 219), 


mg CU 2 O 

% 

rodosaii 

1 

mg Cu 2 () 

% 

rodosan 

j; 

1 mg CU 2 O 

ii 

% 

rodosan 

-- 

|l mg Cu^O 

. 0 , 1 

/o 1 

rodosari | 


0 

0 

jj 

156.1 

30 

|! 

299.6 

60 

433.3 

i 

90 i 


5.4 

1 

I 

161.1 

31 

! 304.2 

61 

437.7 

91 j 


10.8 

2 


166.1 

32 

' 308.8 

62 

1 442.0 

92 1 


16.3 

3 

!i 

171.0 

33 

1 313.3 

63 

i 446.3 

93 : 


21.6 

4 

li 

.| 

175.9 

34 

: 317.9 

64 

450.6 

94 i 


27.0 

5 

!) 

180.9 

35 

322.5 

65 

. 454.8 

95 , 


32.3 

6 

n 

185.7 

36 

327.1 

66 

i 459.1 

9« ; 


37.7 

7 

]| 

190.6 

37 

. 331.6 

67 

1, 463.4 

97 • 


43.0 

8 

|) 

195.5 

38 

336.2 

68 

; 467.6 

98 


48.3 

9 

II 

200.3 

39 

340.7 

69 

1 471.9 

99 


53.5 

10 


205.2 

40 

345.2 

70 

476.1 

100 


58.8 

11 


210.0 

41 

! 349.7 

71 

i 



64.0 

12 


214.8 

42 

354.2 

72 

1 



69.3 

13 


219.6 

43 

358.7 

73 




74.5 

14 

’ 

224.4 

44 

; 363.2 1 

74 




79.8 

15 

'i 

229.2 • 

45 

367.6 

75 




85.0 

16 

! 

234.0 

46 

372.1 

76 

' 



90.1 1 

17 


238.8 

47 

; 376.5 

77 




95.3 

18 


243.5 

48 

i 381.0 

78 

! 



100.5 

19 


248.3 

49 

; 385.4 

79 




105.6 

20 


253.0 

50 

389.8 

80 



t 

1 

115.7 

21 


257.8 

51 

394.1 

81 



j 

1 15.8 

22 


262.4 

52 

398.5 

82 




120.9 

23 


267.1 

53 

402.9 

83 



1 

126 0 

24 

i 

271.7 

54 

4(»7.2 

84 



1 

131.0 

25 


276.4 

55 

411.6 

85 



1 

136.1 

26 


281.0 

56 

416.0 

86 


i 


141.1 

27 

, 

285.7 

57 

420.3 

87 



1 

1 

146.1 

28 


290.3 

58 

424.7 

88 


1 

1 

151.1 

29 


294.9 

59 

429.0 

89 


i 

1 

156.1 

30 


299.6 

60 

433.3 

90 

' 

1 


Th(^ losses may coiisist of iiioisture which can pass throu^jh soine types 
of water-cooled reflux eondensers iiiore easily thaii tlirougli the 
air-cooled glass. t ube. 

If a new apparatus is to be used tlie effeet of the reflux eondenser 
shoiild be (jontrolled by weighiug the flask witli eontents before 
and after boiling. 

The method luust not be used when too much ketose is present, 
free or combincd. Of the fructose present, only ea. 40 to 50% is 
found. 

The method is not at all cxact as table 54 is calculated from ex¬ 
periments with glucose, and many other glucides differ in the re- 

17 -481U6 K ungl. Lantbrukfthogskolans Annaler, Vol. 10 
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Table 55. Bedosan found in different glueides in % of ealculated 

totosan. 


Spocies of gluci(ie 


Glucoso . 

Mannose. 

Galactosc . 

FructoHe. 

Sorboye . 

XyloBo. 

Arabi nose. 

KhamnoHo. 

Maltoftf). 

Laetose. 

Suerose. 

I Ollulose (coiton) 

1 Starch. 

' Imilin. 

sulls. (Siiph devialions have beeii discussed previoiisly in t his 
troatise.) \s a rule the results must not be given willi decimals in 
the perceritage figures. Even if it Mere })()ssible to r(‘i)rodu(M‘ de(*i- 
mals it is worth nothing iii evaluating the nutritional value, as v\(* 
caniiot cstimate the glucide pereentage witli sueh a<*eiira(‘y. 

The proportions in the metliod are eliosen so lliat a hav with 
aboiit 50% glueidc^ will give aboiit 250 mg of thiaO, ainl pr(*eipitateK 
between 100 and 400 mg are ideal in the M-redose method. 

Ther(‘ is mueh to be said for dissolving the sam]»h‘s in less eoii- 
centrated H 2 SO 4 for total liydrolysis. An investigation by ScaiMiEDT- 
& Opperiid (1930) slums that 00^;;, llgSO, iias a mueli 
milder seeondary effeet tlian 72% of the same aeid. Seeiiig tbat the 
period must be e.oiisiderably prolonged with siieh a relativ(‘ly diluted 
acid in order to attain the Ksame dissolutiori and hydrolysiiig effeet 
in the pre-treatment, it ean, howcmer, oeeiir that the sc^eondary 
effeet will be equally strong. This should be tested. More time is of 
course needed for the analysis when earried oiit in this manner, but 
there is no reason why the pre-treatment should not be (*arried out 
at night (vsee Fig. 22, p. 251). 

Williams et al. (1935) and Olmsteb et al. (1939) 2\AN 112^^04 
at 6 to 10^ C, followed by boiling for 3 hours in 1.420 A H 2 S() 4 . It 
is possible that, a higher yield cau be obt,ained in this manner, but 
not probable, sine.e boiling witli siudi a eone.entrated aeid as 1.4 A 
probably destroys more fruetose tliat ean eveiitually be saved by 
a milder dissolution. 


Numbcr of. 
dotermmatioiifl 

Hodosan jn % 
of totosuii 

mvanB 

i 

VariatioiiH 

iy 

100 

08.0—^101.9 

1 

00 


1 

01 1 

1 


(i 

43 1 

37..')— 47.0 

1 

27 


1 

00 


1 

100 


1 

70 


1 

100 ] 


1 

1 j 

or> 

72 


4 

00 

! 08.2— 00.5 1 

.) 

1 100 

98.0—101.0 1 

2 

40 i 

i 40.2 - 40.4 , 
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Table 56. liesultH of different propoaed glucide group estmiations u'Uh 
different pure glucide prepamtions, Hee Fig, 26 , 


(jllucid<‘ 

£ ^ 4- 

s c i 

S 3 S 

- 
a> 

r/ 

.2 ® C 

4 ° 

liirodoMo foimel 

% .>f : % of 

trlucitl»* 1 totose 

f 

v ^ 

£ §£ 

03 O 

p- «« 

Redosan 
found. °o of 
totosan 

i i . 

* .t! 

fr tr 
? ® 

S 0 

c ® 

c 

^ 'r « 
c - X' 

c 

'cl 

Glucose . 

100 

100 

100 

102 

100 


100 

Mantiose. 


00 

00 

08 

00 


00 

(jalactoHo .... 

00 

00 

00 

02 

01 


01 

FnK‘to8(' ... . 

02 

SO 

SO 

84 

oa. 43 


oa. 43 

Sorbose . 

74 


- 


oa. 27 


oa. 27 

.Arabinosf* .... 

10.3 1 

103 

103 

10.3 

100 

8.3 

I 2.3 

Xyk)Ho . 

OS j 

08 

os 

100 

00 

100 

i ‘ ^ 

Khamiu)Hf‘ ... 

So 

... 


-- 

70 

80 

i - 1.3 

Maltoso, 1 nq 

oa. fiO 1 

oa. .'»O 

oa. .30 

100 ! 

100 


KM) 

Laotoso, I a(j 

1 ca. 0.3 

oa. 03 

ca. 03 

08 

0.3 


j 0.3 

Snrro.so 

1 0 i 

1 1 

101 1 

00 

02 

oa. 72 

i " 

1 ca. 72 

(\)ttoii . . 

0 

1 0 

O 

O 

; 00 

1 0 

00 

Stare h . . . , i 

’ 0 i 

0 

1 0 

or»(‘'* 

j 100 

! 0 

, 100 

Inuliii. . 

1 {) 


1 Wi(“ 

1 SO(“ 

, oa. 40 


! oa. 40 


^ iMultr(‘(loHan 0.027 rctluHo aftor b^drolysi.s )»y 2 h boiliiig in 0.70 A’ H^SD^ 
(Soo Tn})lo 44). 

^ If (liHKolvocl and Jiot prenpitated btdorc dctoiiiiiiiiiijj: rcdose. 


5. The inlliieiice of extraneous matter. 

., 4 . tnhicral oils, trax, and rrsin, 

On iiiakiiiu a total liydrolysis <»f wood or cellulose, lerhnically 
])rodn(‘(Ml, it is usual to extracd with acetone before liydrolysis (see 
IlAcaiLi Ai) 1959). \Vi.iKSTR(’)M (1910) deinoibstrated tliat a compara- 
tivcdy lari^o amouiit of fructose (*aii be dissol ved by aeetone extrac- 
tiou in Twisselmaaa apparat us. Exdkk <S: Uebel (1936) also 
poiiit ont tli(‘ risk of extraetin^- with water, aleohol, aeetone, ete., 
but, on tlie other hand, reeommend ether. 

In order to find ont the infliienee of fats and similar snbstanees 
by deterniinations of redosan eontent, two entirely different series 
of experinnmts were made. In the first of these series, eotton and 
stareh were treatinl with different oils and similar snbstanees. In 
the seeond, a qnantity of natnral feeds and other materials wen» 
nsed before and after the removal of fat and fatty snbstanees by 
extraetion with ethyl ether or aeetone. 
















262 


Sigvard Ekelund 


redosQn fu rosan 



refusan mal tredo son 



Fig. 26. Yield by the difforent glucide estimation methods propoHt*d and obtaiued 
with the differont puro glucide proparatioiis. The yiold is caJc iilated as % from 
totosan or totose. Poor reproducihle results are symbolized l>y incliried surfaces. 
g -= ghicose, ni — mannose, ga ~ galactose, f = fructose, a arabiiiose, x — 
xylose, mt - maltoso, 1 aq, 1 = lactose, 1 aq, s — sueroso, c — colluiose, st 
starch, i — inuhn. See Table 56. 


In the first of the series of experiments, in whieh standi and eot- 
ton were treated with different substane.es, the treatrnent was car- 
ried out in sueh a way that the extraneous siibstance was dissolved 
in a suitable organie solvent (ethyl ether or ethyl aleohol), af ter 
whieh the solution was evaporated together with cotton or starch. 
The objeet of this was to inipregnate the glucide even in its finest 
pores with fat, resin or mineral oil. 
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Table 57. Effect of pre4reatment of cotton or starch, with Solutions 
of fatiy or mineral oils, wax or resin on redosan determination, Ahout 
1 g of fat etc. to 1 g of glueide. 




% deviations caused on re- 

Fatty or mineral oil, 

Solvent 

dosan determinations on 

resin or wax 



' 



cotton 

starch 

Coco-nut oil. 

Ethyl ether 

-1.0 

“1.0 

8 oya-boaii oil. 

» » 

“1.3 

— 

Linöoed-oU. 

» t> 

4 0.4 

“0.3 

Carnauba wax. 

» » i 

-1.0 

-0.3 

Resin, »Colophoniuin, weisfi Ph. 

j PIthyl aloohol 



' G. TV». 

1 abaolute 

- 0.2 ! 

! +0.8 

Paraffin oil, »0.8«()—0.886 Ph. G. IV»! Ethyl ether 

-M.O i 

1 

V^ascUino. 

» i> 

- 0.2 

! 4 1.0 

Paraffin, ao lid. 

t> • >> 

1 ‘t 0.4 

i 4 0.5 


The treatment did not appear to havc» any c-onsiderable effect on 
redosan valiie in spite of the fact that aboiit 1 jy? of the extranoous 
substance was iised to 1 g of f^lucide. The ^reatest deviation down- 
V, ards was 2.3 ‘K, and this oecurred wlien (H)tton was treated with soya- 
bean oil. Tho deviation is too small to b<‘ eonsidered as ostablished 
(see Tabh^ 57, above). 

In the second series of experiments a series of feeds and other 
materials were used. In tliese r(‘dosaii was detennined, usually 
with several jairallel determinations in order to establish a safe 
avera<re. In s<*veral eases, also, a prolonjy:ed hydrolysis was made 
in order to see as far as ])ossible \\hether a lar^^e ainonnt of fru(‘tose 
was evenlually ineluded. A series of determinations was made in 
sev(TaI of th(‘se materials usinjx a prolon^ed treatrnent with 24 N 
lloSO^, this also with th(* objeet of S(»eiiig how lar^e an aniount of 
fruetose was ineluded in th(' sain])le. Fruetose is relatively soluble 
in (‘.ertain fat solvents, for Miiieh reason it is possible that a preeedin^ 
aeetone extraetion ean eause too low a eontent of redosan. 

All these samples, with one exeeption, were extraeted with aee¬ 
tone for a period of (i h, after whi<*h redosan was detennined in the 
same manner a,s befor(\ Several of the samples were also extraeted 
with ethyl ether, after whieh the redosan eontents were determined. 
The eontents of et hyl eth(*r extraet are indicated in Table 58 (p. 264). 

The aeetone was shown to extraet fairly lar^e quantities of sub- 
stanees, whi(*]i after hydrolysis redueed Fehlin^j^s solution. An es- 
peeially frreat deerease in redosan eontent was shown in annual 
slioots of eommon pine, soya-bean and wheat ^erm. Ethyl ether 
extraetion, however, only in one ease had any notieeable effeet. 
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Table 58. Influenee oj previous acetone or ether extractions on redosan 
determinations in different feeds and a few other materials. In order to 
cstimate fructose eontent very roughly some redosan determinations ar^ 
made after prolonged acid treaiments. 



% of air-dry inatter 

Rodoaaii iii % of normal redowan % after 

MateriHl 

. 

criuic fat 

retionan 

(meaiia) 

lx»iling 
6+6 1 » 
iri.stoad 
of 6 h 
in 0.7 N 
H 2 SO 4 

t reat-incnt 
15 h in. 
stead of 
.3 h with 
24 N 
112804 

I)reviou.s 
for 6 

acetone 

'xtraetion 

with 

ethyl 

1 ’oppy Rpod cako .... 

i:i 

17 

100 

95 

99 

1 

107 

Pin KS s 1 Ivesh is, aiinual 
shootH. 

11 

42 



86 

102 

Cocoa b('aii fihells . . . 

8 

29 

96 

91 

— 

95 , 

V\'hciat gerrns. 

8 

48 

9f) 


87 


j Linseed cake. 

8 

33 

100 

93 

93 

99 

Pima abies^ ncetilefall 
rosiduos. 

5 

33 



88 

99 

1 Oat . 

Tj 

67 

97 

96 

91 


Surnmer seod straw . 

4 

Ö6 

97 

— 

95 

100 

Oat. 

3 

67 

98 

— 

94 

— i 

Rod-clovt*T* hay. 

2 

33 

99 

97 

90 

1 

Cladoma rttng^ijerina . 

2 

68 

100 

100 

100 

1 

Cow iTiamire . 

2 

36 

101 

— 

100 

j 

1 Hay. 

2 

48 

97 

— 

88 

— i 

! Timothy liay. 

2 

52 

9() 

93 

91 

100 1 

Hay. 

2 

.50 1 

97 


88 


1 Straw . 

2 

58 

101 


94 

i 

1 Alfalfa hay . 

2 

36 

99 

97 

98 

! 100 1 

Soyad)(»an eake .... 

J 

28 1 

95 


86 ‘ 

‘ . 1 

Winter i('odH. 

0 

62 1 



97 I 



This single c-aso was the cocoa bean sholl but the result iniist not be 
eonsidered establishod, as with single determinations before etliyl 
ether extraetions the resnlts for this material showed themselves 
to be esp(*c,ially variable and one resnlt even (*omes below th(‘ result 
after ethyl ether extraetion. 

The conclusion can be drawn from I hese experiments t ha t t he ae(‘- 
tono extraetion, whieh usnally preeedes the total hydrolysis at 
giucide determination in wood and wood ])roduets is not suitable 
for feeds and similar materials. It is true t.hat it has not been shown 
here wdiieh substanees have been rerrioved through acetone extrac*- 
tion, but there is every reason to suppose tliat sugar can be extraeted 
to a fairly high degree by a(*etone in the eoursc^ of sueh a prolonged 
extraetion as the one in question. Here it should also be added that 
the extraetion was performed in a Twissei.manjv apparatus and 
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Kl/i. 27. SiippoHod iiifluoiico of fructorto contont on lioth tho quotiont redosan, 
(icctonc vxttactid,in\cxtravtcd and tho qiiotioiit redomn after /J hi3 h in 24 -V H^SO^. 


noi in a Soxiilet apparat iis. Tbis iinplioH t hat tlie extract ion was 
<*arri(Ml ont at a hij^her tenip(‘ra1urp, at about the boilin^ of 

the pxtraction medium, ANhieli, espeeially wheii it^ eoiieerns acetone, 
must (*aus(* a more effeetive extraclion, 

On t lie otluT liand, it appears as tliouf^li the ethyl etlier extrae- 
tion did noi do any liarm, jierliaps tho eontrary, and that the ether 
extraetion ean in eertain eases be necessary for rernovin^r fat, wdiieh 
<*an x>rovent the sulpliurie acid dissolvin^ and hydrolysin^c the ^lu- 
eide eomyiletely. This may well be true to jud^e from the exxieri- 
inent witli X)o])py seed cake, but the result is in no Avis<* eertain, 
sinee the redosan (^ontent, found after tlie ether extraetion, surpaases 
only to a slijxht dep’ee the highest of the 5 values, obtained before 
ether extraetion. As the crude fat eontent is as hip:h as 13 % in ])oppy 
seed eake and lii^^her than in any of the other samples used, one is 
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juBtified in supposing that the extraction really was to advantage. 
A tendency to such an advantage is also seen in the experiment with 
annual shoots of common pine, whieh also contain an espedally 
high content of ether extract, namely 10 %. 

Briefly it can be said concerning the influence of ethyl ether 
soluble substances that the investigations should be cxtended, but 
in a case where the saniple eontains a relatively low fat content no 
previous extraction with ethyl ether is neoded. 

An investigation of the connection between ronghly estimated 
content of fnictose and the effect of a previous acotone extraction 
was made in the following manner. On the x-axis (Fig. 27, p. 265) is 
measured off the qiiotient between redosan after treatment for 15 
h with 24 A H 2 SO 4 and redosan after treatment for 3 h with the 
same acid. Tlus quotient is supposed to correlate positively with 
the fructose content in the glucide, so that a lower quotient would 
point to less fructose. 

On the y-axis the quotient is measured off between redosan after 
acetorie extraction and redosan before acetone extraction. A lower 
quotient is supposcid here to imply that- the acetone has extract-ed 
part of tlie reducing substances included in the term redosan. The 
values, obtained at the determiiiationa, w4ii(*h liave been made in 
a series of investigations rnentioned above, were incor})orated in 
this co-ordination system and a straight liiui was rouglily drawn to 
agree as well as possiblc with the 7 points obtained. This melhod 
of calculating a correlation is of course very un(*ertain but as the 
correlation seems to be fairly obvious the conclusion can p(*rhaps 
be drawn that the acetone extraction has lowered tlie ndosan con¬ 
tent to an especially high degree just in those samples (»ontaining 
relatively much fructose. 

Another similar correlation was calculated, althougli instead 
there was measured off here on the x-axis the qiiotient between 
redosar: after 6 -1 6 h boiling and redosan after only 6 h boiling. Jn 
this case also it appears to be a correlation in tlie same dirindioii. 
In Fig. 28 (p. 267) attentioii has been drawn to the grou ])8 of different 
kinds of feeds in which the samples may be classified. If, for in- 
stance, one looks at the points representing the different hay samples, 
the correlation i)erhaps appears somewhat more clearly than if one, 
studies all the samples treated. In this case also one may conclude 
that acetone extraction lowers the redosan content more in tlie 
samples relatively rich in fructose than in those poor in fructose. 


B. Proteins and amino arids. 

In order to find out tlie influence of different amino acids and 
proteins two series of invesi igations were made, one with pure sugar 
preparations with and without added proteins, and anothc^r with 
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redoion. boil ing 6*6 h/6 h 

Fip:, 28. Supposod iiifluc*n(o of friictoso <.'oiitt‘nt oii botli the qiiotieiit rvdosaHy 
acftonc cxtrnvtciVuncxtiactcd and tlie (|uotH‘nt redomu ajtcr hoxkng 6 f 6* hjO h 

ui 0.7 .V 

somo IVeds with or witljout proteins or amiiio adds added. Iii 
addition soiiio proteins and ainino aeids were treated by theinselves 
as thon^h for a determination of redosan. 

(tlucose and fructose were investi.uated soinetiines alone, some- 
times t.OjLret lier w itli le^umin and edestiii (see. Table 59, p. 268). Botli 
tliese proteins were shown to inerease tlie redosan eonteut foimd to 
a quite notici*able de^rei*. About 500 ni^' su^jjar and about 250 m^r pro¬ 
tein were usi*d and thesi» quaiitities were eonsidered to eorres])ond 
to a sain])le of 1 ^ with about 50 ‘o ^lueide and about 25protein. 
Both tlie proteins were sliown to iiUTease tlie apparent j;'hu*ide 
eontent in this su])posed feed by about 3-4^;). 

Wheii fru(*tos(‘ w^as useci instead of jj:lueose tbe result w as influeneed 
mindi less, or eren in the opposite dinndion. 

With the othcr series in wdii(*h proteins w^ere added to feeds edestin 
was shown to exereise a sli^rht infhienee on the apparent redosan 
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Table 59. Influence of protein preparations aäded on redosan de- 
terminations in glueoae or fruetose, Compare Ekelund {1946) p, 307^ 
TabJe 36 and Table 62 in this treatue. 


Sprciort 

of 

feufjar 

mpe 

supur 

Speoies 

of 

protein 

ailtlecl 

mg 

]>rotein 

adcled 

% totosnn 
calfulated 
UH if in 

1 g 

samplo 

redt>8an 
foiirid as 
it ni 1 g 
samplo 

Doiling 

li/6h 

% 

Deviations 
from rodo- 
san oalo. 
causod hy 
pixjtein 

Clluoose 

500.7 



45.0 

44.6 

99 


•) 

500.9 

. 


4.5.1 

44.5 

98 

— 

» 

502.3 

— 

— 

45.2 

45.1 

98 


» 

500.3 i 

Logumin 

250.2 

45.0 

49.2 i 

99 i 

+ 4.2 

» i 

502.0 

» 

252.3 

45.2 

48.4 

97 i 

1 3.2 

» 

501.5 

» 

251.2 

45.2 

49.2 

98 

4 4.0 

» 

501.1 

EUostin 

252.5 

45.1 

48.2 

98 

1 3.1 

» 

500.5 


251.4 

4.5.0 

48.1 

97 

i 3.1 

» 

.502.7 

» 

250.6 

45.2 

48.6 j 

98 

1 3.4 

Fruetose 

500.7 

— 


45.0 

18.9 

37 



503.5 

Logumin 

243.9 

4.5.2 

18.7 

38 

l 0.3; 

1 ^ 

503.7 

Edestin 

252.4 

45.2 

17.8 

J 5 

-1.2 ' 


eorilent (see Table 60, p. 269). In alfalfa liay tlie appareut eontent 
was lewered about 4%, and in tiinolhy liay the appareut eontont 
about 2"/n. It is possible that the deviatioiis arose by elianee but 
scarcely in the case of alfalfa liay. (Vieoa bean Shell was T(‘ry litth? 
influeneed eitlier by edestin, or by alaniiie or ^rlyeinc*. 

On delermining redosan in i)urely jirotein prej)arat(*s or aniino 
acids very low valnes were obtained. 

The influence of proteins and amino a('ids on the redosan eonlent 
fodnd is in certain cases so great that one must take this faet into 
consideration with feed valuation. This distiirbing influence seeins 
to be one of the weakest sides in the rnethod used in did-ermining 
glucide in feeds. The iiroblem has been investigated too little. liere 
and should become the subjeet of a new and iiiore exteuded investi- 
gatioTi. There is reason to believe that one should be able to find a 
method to reniove t-his disturbing influence. The problem is not so 
simple as only to be solved by using merely protein precipitant 
after liydrolysis, as one has probably liydrolysed the proteins almost 
completely to ainino acids or otlier products which are not pre(dpi- 
tated by the usual protein precipitants (see pp. 187 and 279, Sekbiå 
1947). 

Compare Ekelund (1916, p. 306—307). 

C. MiseeUmieous nuhHtancvH, 

The sugar alcohols mannitol and dulcitol showed no reduction 
after liydrolysis. 
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Table 60. Influence of protein or amino acid preparations added on 
redosan dHcrminatiom in feeds and results of rcdosan determinaiions on 
proteins and amino acids, Compare Ekelund (1946 p, 607^ Table 36), 


. 

Spociefl 

1)1 food 

1 

mjr j ni" 
b*cd 1 glucoHo 

i 

! 

Sj)ecifs , 

ol 

protein 

or 

umiiio 

aeul 

added 

protein 

or 

aniiiio 

acid 

ttfided 

% redoHan' 
caleulated' 
as it in ; 

a 1 « , 

samplo 

1 

; Deviations i 
*!(> redosan i from redo* i 
found as san calc. j 
il in a 1 ^ caused hy ! 
rtfiinph' ' protein or j 
arnino aoidi 

i ! 

Alfalfa hay . . . 

1 

1 0(»() 

0 


0 


37.0 

! — 

» » 

,50(1 j 

,502 


0 

63.7 

63.3 


» » 

1 000; 

0 

Edeatin 

300 

37.0 

33.3 

' -3.7 

1'imothy Lay .. 

1 000; 

0 


0 

_ 

,52.7 

1 — ' 

» » 

,500 1 

504 

1 

0 

7J.S 

71.8 

— 

» »> 

1 000 j 

0 

' Edestin 

300 

! 52.7 ; 

55.1 

I 2.4 i 

(’oc*oa boan sholl 

1 000 i 

0 

— 

0 

: ! 

28.5 

— 

» )) » 

,500 ' 

500 

; 

0 

1 59.3 > 

58.2 

' 

» » 

1 000 

0 

Edpfltm 

300 

' 28.5 ' 

28.8 

-F().3 

» » » 

1 000; 

0 

Alanine 

300 

: 28.5 

28.6 

-j-0.1 

» » » 

1 000 

O 

(»lyeino 

300 

28.5 

28.1 

-0.4 


0 

0 

Kdetttm 

1 000 

0 

0.2 

1 0.2 


0 

O 

(jrlyeiiic 

J 000 

0 

0.1 

d 0.1 


0 

0 

» 

1 000 

0 

0.4 

i 0.4 

- 

0 

0 

Alanine 

J 0()0 

0 

O.I 

1 0.1 

- 

0 

0 

1 

1 000 

0 

0.3 

t 0.3 j 


0 

0 

A«parti<* acid 

l 000 

0 

0.0 

0.0 1 


Nor (lid resorciiiol, or(inol, phlorofjliKdnoK vaiiillin, iiialic aeid, 
Siili^enin and niucic* acid sliow any nMluction ufter liydrolysis. 

On tlu» otlicr liand, liydrociuinonc*, pyro^allol, ^iallic a(dd and 
lannic acid, all rcducc* aher liydrolysis, whicli is to bc expeeted, 
since all thcsc also roduca* without pnnious hydrolysis. Salicin also 
Tcducos after hydrolysis, but not morc than accordin^ to its "Incose 
contc^nt (sce Tabli' 61, p. 270). 

This invcstifxatioii of tlic infhi(*nc(' of cxtrarnnnis substances should 
bc extended to niany morc si]bstan(*cs and cspccially to tlios(^ which 
can ocenr in lar^j:(T amonnts in feeds or foods. Tliis preliminary 
irivcsti^^alion lias b(‘cn diivcdtMl 1ocasil> acccssiblc substanccs, whicb 
for a A-aricty of reasons inay bc of interest. 

Oonii)arc Ekellm) (1946, p. .403—309). 


6. Parallel determinations of redosan content in various feeds. 

165 parallel dctc^rminations of redosan showed a luean (Tror in t lie 
Oercenta^c fif^iire of 0,5%. Tlius t lie maximal error eonld bc t aken 
to be aboiii 1.5%. Tliis is not, however, in full a^^reement, sin(‘u in 
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Table 61. Fer eent redosan found in different extraneoua matters. 
{Tannic aeid and salicin are heteroglucides and not completely 

extraneoua.) 


Species of 
substanco 

mg 

subdtfince 

mg redo. 
san found 

% redo¬ 
san found 

f rrdiic. 
subst. — 

non - 
redufiing 

Totosan 

stoichio- 

metrically 

calculated 

Hydroqiiinono. 

701.5 

> 1 000 

>140 

+ 

0 

. 

701.5 

. 967 

135 


0 

Gallie acid. 

700.5 

670 

96 

4 

0 

)> » . 

701.7 

637 

91 

4 

0 

» » . 

700.9 

629 

90 

+ 

0 

Taniiic ac‘id.. . 

702.3 

645 

92 

4 ^ 

11 

)> t) . 

701.7 

620 * 

88 

4 - ' 

11 

» » . 

703.6 

597 

85 

53 

4 * 

11 

Salieiii . 

701.4 

372 

■t 

57 

acid. 

701.7 

8 

J 


0 

Phloroglucinol. 

700.5 

6 

0.9 


0 

Itofiorciiiol. 

700.9 

6 

0.9 

— 

0 

1 Orcinol. 

701.4 

2 

0.3 

— 

0 

Maloiuc acid. 

700.8 

2 

0 3 

1 

0 

Saligonin. 

701.3 

2 

0.3 


0 ! 

Mariiiitol. 

1 001 

3 

0.3 

-- 


Oulcitol. 

1 000 

2 

0.2 


! 

1 Vanillin. 

700.5 

1 

0.1 


0 


2 caseH tho deviations between 2 parallel dvtorminalions have sur- 
I)as8ed 3. These 2 cases are curiously enou^^h sulphile cellulose and 
Bulpliate cellulose. The parallels ha ve in aJl (*ase8 been earri(*d oiit 
on different days. In tlie same manner both tlu* cellulose cases have 
reached low' values on one day and valiies on anotlier. 

In Ihese two cellulose cases a nejxative value for the content of 
th(‘ remainiiig substances is obtained, if redosan be (aUculated with 
the hi^her contents. Yet the iiepitive fijrures are not greater thaii 
2 and 1 respectively, for which reason they should not be considered 
as a criterium for an error, siiice sucli low de\ iations (aui entirely 
depend on normal analytitial errors. 


Ylir. Determininjj furosan (furfurol-yieldinfj substances 
as xylosan) in order to estimate totpentosan. 

In order to estimate the tot])entosan conivni in hay and other 
feeding stuffs J have used the inetliod of Kiillgkkt^ & Tydéi^ 
(1929). 1 liave not, however, calculated the result in the same man¬ 
ner. Kulloren ifc Tydén iis(^ factors (iakailated fnmi average 
yields, whidi have been found empirically, for xylose and arabinose, 
in order to calculate “pentosan” content. In this investigation I 
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liave instead based my calculations on the content of totpentosan 
entirely consisting of xylosan, and on tlie absence of araban. Kla- 
SON (1934), namely, States that araban is not included in wheat 
straw, but only xylan, and I therefore supposed already from the 
beginning that only xylan is included in hay. 

For the results obtained in this manner I have, however, not 
employed the denomination “pentosan,” but in order to avoid con- 
fusion with the real pentosan or that of Kullgren & Tydén I 
have introdu(*.ed the denomination “furosan.’’ Furosan content 
signifies here that xylosan content which, with the method of Kltll- 
GREN & Tydén, gives the same quantity of furfurol as the actual 
samj)le. Thus, by giving the content of furosan, T wish to give the 
approximate content of totpentosan^ just as by giving the content of 
redosan I wish to give the approximate content of totosan. Another 
reason for the denomination furosan is the fact that uronie a<uds 
and polyuronides are roughly included (see pp. 277). 

As the technical procedure deviates from the original in details 
that are imictically imi)ortant (though theoretically uiumj)ortant), 
a full (l(*scription of the mefhod employed follows liere. 

A. lieagents. 

a. 3.S4 N HVl. To be checked by titration. 

b. AniUne aeelate. 100 ml aniline 4 100 ml watcr ! 40 ml acetic 
acid (glacial). 

c. 6.0 N NaOH. To be checked by titration. 

(1. (NH,)^3fo(),. 23 g il. 

e. 0.0337 N KBrO^^ 1.508 g KHrO^ 10 g KBr pr 1. 

f. Kl. 

g. 0.0337 X To be checked by titration. 

h. Starvh solution, newly prepared. 

B. Frocess of deiennination. 

1.000 g of the sample with, at most, 25% furosan is poured into 
a spherical flask with grouiubglass joint. The flask was graded at 
75 and 100 ml. Fa. 20 g i^a(4 is added, and then 100 ml 3.84 A ITFl. 
The apparatus is connected accordiiig to Fig. 29 (p. 272). 

The stop-cock of the burette is closed, and the bundte is filled 
up to 50 ml with 3.84 N IlCl. The flask is heated with a burner 
under a Bauo funnel with such effect that 25 ml distils in 10 min. 
After every 25 ml has been distilled there is added again from the 
burette 25 ml 3.84 N 11(^1, until almost 250 ml has been collected in 
the 250 ml measuring flask. The flask is filled exactly up to the 
graduation mark with 3.84 X 11(3. 

100 ml of the distillate is transferred to a 500 ml eonieal flask for 
titration. 
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Fig. 29. Kin.L<JHEN & Tydén' (1929) apparttius for <Ie<(‘rniiiiing pontosan (fuiosan)- 


Since arabinoso does not give iii 100 min a fnll \i(‘ld of fiirfuvol 
in 1350 ml disiillato, but jkhmIs 140 min aml (*a. .S50 ml distillato, Iho 
rest is t(‘sted qnalitathely in tbe distillatioii fläsk on fnrfurol ^^itll 
aniline acetate solution. 

To 100 ml of tlie distillate is a<lded 150 nd dist illed \vater and 
513 ml 0.00 N I^aOH. The excess of IJCl will give a solution for 
titratioii ealculated al 0.20 N (10.05) in terms of JICl. Ae(*ording 
to Kttllgren & TYI)l^:^’ it sliould be 0.5 to l.O^;,, or 0.14 to 0.27 N, 
The flask is cooled down to room temporature. 

10 ml ammonium molybdate solution is added and 25.00 ml 0.537 
N KHr ()3 (1.508 g KBrOg-i 10 g KEr per 1), whieh is suffieitmt for 
25.0% furosan (if especially little furosaii is expe(ded, less KBrOa is 
needed). After tlie solution has beeome yellow, it sliould stand 
for 4 min, after whieh about 1 g KT is added and the mixture im- 
mediately shaken. After at l(*ast 5 min, it is titrated with 0.0537 
N NagSgOg. Whon the browii colour has beeome j)ale, a small quan- 
tity of ncAvly prepared starch solution is added. At Ihis the solution 
becomes deep blue. Titrate uiitil the blue colour disappears. 
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C. Some (ormnentaries, 

If 1.000 of the sanij)le is taken, tlio percentajje of furosan is 
directly obtained on mUidufi nil KBrOg solution by ml INagSgOa 
solution. Tlie eondition for this is tliat the pentosaixs coiisist entirely 
of xylosaii. In no case of (*,a. 100 deterininations in different hayKS 
was any furfurol found in the residne after 100 min distillation. Ac- 
(H)rding to Klason (1931) this is a proof that less Ihan 1 % of the 
pentosan (‘ontent eonsists of araban. Jt can, therefore, be considered 
proved that for hay it is more eorreet to calculate with faetors found 
for xylose, than fa(*tors caleulated as averaf^e fi^nres for xylose and 
arabinose. This has also been an additional reason for my not using 
the ori^?inal faetors of Kiuj/jkkn & Tydén for pentosan (see p. 271). 

Itelatively pnre preparations of diffe!*ent hemieelluloses from 
alfalfa hay (Ptulltps ^ Davis 1940) and wheat straw (Wkihe & 
IbiiLLiPS 1940) have been ma<le, and the preparations have also 
been analysed by (he aulhors inentioned as to the eontents of dif> 
fen^nl monosaeeharides. In alfalfa hay 1-arabinose is found to make 
up about 0.S^'o of the total “B-hemieellulose’’ fraetion. Tn the 
hemi<‘ellulos(‘ ])re[)aration from wheat straw l-arabinose makes iip 
about 4% of the preparatiou. It is diffieult to say if these results 
are iu direet op])osition to the results from the investi^ations in this 
treatise nnmtioiKMi above. 


Table (>2. Fumnan found (0.00 /fcntomu aficr ICrniAiKEN and Tydkn 
1929) in Honii different nubstanees. 


1 

Vo furnsaii ' 
t alrulal«*ii 

from Ijrst 
UlstlllMlO 

”<• fiiroHan 1 

oall ulalod j 

from sofnud ' 
di^xtillulo j 

1 

' Xylose. 

i 

1 S)'2 


i H(‘sorcin()l. 

7.4 


! Agar agai. 

2 H 


' (irlilcoHO ... . 

2.S 

1 

1 Edosliix . 

2.2 

0.5 

Alanino . 

l.S 


.1 

1,4 


(\>iton . 

L1 

i 

Pvrogallol . 

0.9 

_ I 

Miuk* aoiii.' 

0.7 

— 

j (iallic acid. 

0.0 

■“* i 

^ TTvdrocjuiiiom». 

0.2 


(Uvoint^. 

- 0.4 i 


Alaniia'.' 

-0.5 i 

- OA \ 

1 l.<ogurnino (foaira*(l very inuch 

on boiling and niado tho , 


(iistillaiion iiiipossibU*)- 
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Table 63. Cmde analyses and glucide analyses of some planis, 

matter (9% 


Province 

Harvest date | 

i 

Weather 

Material 

Ash 

Crude fat j 

i 

6.2Ö N 1 

C 

12/6 

rain 

Gramina 

Älopecurus pratenais . 

9 

3 

13 

C 

14/6 

24/6 

sun 

» » . 

S» 

3 

9 

L 


Phleurn pratenae . 

6 

2 

10 

C 

— 

— 

* » . 

0 

2 

9 

C 

7/6 

Hun 

Anihoxanlhum odoratum . 

6 

2 

10 

L 

24/6 

» 

Trilicum repem . 

6 

2 

12 

L 

24/6 

» 

Lolium per en ne . 

6 

2 

-- 

C 

12/6 

raii) 

Daclylia glomerata . 

9 

3 

13 

C 

J4/'6 

Bun 

» » .! 

7 

3 

13 

L 

24/0 

» 

j) » 

6 

3 

9 

L 

21/6 

» 

Festuca pratenaU . 

6 


7 

C 

13/6 


Voa prak-nsia . 

6 

2 

14 

C 

13/6 

» 

At^ena pnheacena . I 

5 

2 

10 

L 

24/0 


Leguminosa) 

TrtfoHum hghridimi . 

7 

2 

18 

C 

19/6 

»> 

» repena . 

10 

3 

20 

C 

19/6 


» » . 

11 

3 

23 

L 

24/6 


I) » . 


3 

21 

C 

16/6 

» 

» pratenae f. aotivnm . 

8 

2 

15 

L 

24/6 


» » )> ..... . 

10 

2 

10 

C 

— 

_. 

» » -röVo hyhridnm. . 

10 

2 

18 

c; 

l.S/(> 

sun 

Medicago aatwa . 

10 

2 


L 

24/0 

» 

» » . 


2 

17 

C 

— 

— 

» » . 

11 

2 

17 

C 

19/6 

sun 

») lypulina . 


— 

18 

C 



TJay» (mixed) 

Hay . 

5 

2 

S 

c 


— 

Hay . 

7 

2 

9 

c 

- 


Mcadow hay . 

9 

2 

11 

c 

— 

— 

Pasturo hay. 

8 

2 

12 

c 

— 


Groen-forage hay. 

9 

3 

13 

c_ 


_ 

Manure 

Oow manure, dried. 

li 

2 

H 


c — tlie province of Uppland, east central Sweden. 

L == » » » Scania, Bouth Sweden. 

S = » » » Varmland, we»t central Sweden. 
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incluäed in hay or pasture and some other materials. % of air-dry 
moisture). 


1 

Crude carbo- j 
hydrate 

Cnide ftbre 

N-free extract i 

Redosan 

Crude fibre 
redosan 

Furosan 

Refusan 

Cr. carbohydrate 
minus redosan 

Cr. fibre minus ! 

cr. fibre redosan j 

j 

Inredose 

1 

Redose i 

.5 

.£ o 

fC 91 

sS 

tJ 

g.s 

1 s 

2 



i 




i 



i 




66 

29 

37 1 

47 

11 


— 19 

18 

_ 

_ 

_ 

_ 

_ 

70 

33 

37 ; 

51 

25 

— 

— i 19 

8 

— 

— 

— 

— 

— 

73 

28 

45 j 

47 

27 

19 

28 1 26 

1 

8 

5 

— 

— 

1.3 

74 

30 

44 1 

52 

29 

22 

30 li 22 

1 

— 

— ; 

98 

93 

— 

73 

28 

45 

53 

9 

— 

™ ;■! 20 

19 

— 

— 1 

— 

— 

— 

71 

21 

50 , 

47 

18 

18 

29 .i 24 

3 

9 

4 

— 

— 

0.3 

— 

25 

— i 

50 

21 

— 

1 ^ ^ 

4 

— 

— 1 

— 

— 

— 

66 

28 

38 i 

47 

13 

— 

— ' 19 

15 

— 

— 1 

— 

— 

— 

6H 

— 


48 

16 

— 

— , 20 

— 


— ' 


— 

— 

73 

32 

41 

50 

24 

20 

30 23 

8 

8 

5 

— 

— 

0.9 

76 

31 

45 

48 

27 

20 

28 . 28 

4 

8 

5 

— 

— 

0.6 

69 

29 

40 1 

52 

10 

— 

~ :! >17) 

.19) 

— 

— 

— 

— 

— 

74 

29 

45 1 

1 

52 

9 

— 

— , 22 

20 

— 


— 

— 


64 

21 

43 

36 

16 

11 

25 i 18 

5 


4 



1.5 

58 

17 

41 

29 

11 

— 

-- ; 29 

6 

— 

— 

— 

_ 

_ 

54 

19 

35 

31 

n 

— 

- 23 

8 

— 

— 

— 

— 

— 

— 

15 

— 

33 

_ 

9 

24 1; — 

— 

7 

4 

; — 

— 

1.3 

66 

25 

41 

39 

8 

— 

— ' 27 

17 

— 


— 

_ 

— 

»i:i 

21 

42 

35 

16 

11 

24 '! 28 

5 

12 

4 


— 

1.5 

61 

18 

43 

33 

15 


22 28 

3 

— 

— ' 

99 

97 

— 

— 

23 j 

— , 

33 

6 

— 

— — 

17 

. _ 

— 

1 

— 

— 

64 

23 ! 

41 

36 

17 

12 

24 , 28 

6 

7 

2 

, — 

— 

— 

61 

26 

35 ; 

1 

1 36 
; 35 

9 

12 

24 j' 25 


2 1 

— 

1 

, 99 

1 

97 

0.8 

76 

18 

58 

1 

50 


16 

34 ; 26 


8 

1 

6 1 

97 


1.9 

73 

29 

44 

j 48 

— 

18 

30 ; 25 

— 

7 

1> 1 

97 

_ 

1.4 

69 

27 

42 

' 48 

— 

18 

30 1 21 


5 

4 ' 

97 

— 

0.5 

69 

26 

43 

' 46 

— 

17 

29 j 23 

— 

4 

3 ; 

100 

— 

0.9 

66 

26 

40 ! 

1 

1 

-—' 

16 

31 j 19 

— 

— 

i 

1 97 

— 

1.4 

67 

36 

31 ! 

i 

! 36 

— 

14 

ii 

22 Ii 31 

— 

_ 

il 

— i 101 

_ 

_ 


(Continuod) 
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Province 

Harvest date 

Weather 

Material 

1 

Cnide fat j 

(N 

«» 

C 



Other plants j 

Polygonum peraicaria . 

lö 

4 

17 

L 

26/6 

rain 

Chenopodium album . 

— 

3 

29 

C 


— 

»> » . 

21 

4 

26 

L 

24/6 

8un 

Epilobium anguatijolium . 

9 

2 

21 

l 

2/7 


» » . 

6 

2 

13 

C 

_ 


» » . 

7 

5 

13 

S 

— 

— 

Cetraria ialandica . 

1 

2 


S 

- 

■■ 

Cladonia rangiferina . 

1 

2 

3 

C 



Pinua ailveatriSt aniiual ahoots. 

2 

11 

10 

c 

— 

- 

Picea abiea, needlo fall residues. 

7 

T) 

6 

c 



Straw and reeds 

Suinraer seed straw. 

5 

4 

5 

c 

— 

— 

Straw . 

8 

2 

3 

0 


-- 

Winter reeds. 

4 

0 

3 


0 ="' the province of Uppland, eaat contral Swoden. 

L ~ 0 » » Scania, south Sweden. 

S = »> » )> Vämiland, west central Sweden. 


Orily oue control was made of the method on a pure pentose pre- 
paratiou, and in addition a few pentosan determinations were made 
on other materials (see Tab. 62, p. 273). Otherwise tlie method has 
not been further tested in this investigation, but Kulloren & 
Ttdén have themselves thoroiighly tested their method. The 
dislurbing influeuee from protein was shown to be unimportant 
already by Gunther et al. (1892). The influence from hexo-glueides 
is well known from Kullgren & Tydén^s investigation. 

On determining pentosan in hay samples, re-distillatioiis of the 
distillates have been made in about 50 eases, and the measured 
yield of furfnrol clearly deereased at the re-distillation. Tliis is to 
be expeeted when hexose earbohydrates are ineluded in consider- 
able quantity. In continuation only one distillation was made and 
the percentage eontent of furosan was reduced by one unit, when on 
the average the difference between the value after the first and 
second distillation was ca. 1 unit in the percentage figure. From Tab. 
63 (p. 274), column furthest to the right, it is seen how great the 
individual deviations have been between the first and second dis¬ 
tillation. 
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(Table 63 oont.) 


! 

!» 

1 Si ® 

1 ^ ^ 

05 a 

1 o: 

"i K» 

1 

Crude fibre 

1 

N-free extract 

Redosan | 

Crude fibre | 

redosan j 

1 

Refusan 

Cr. carbohydrate || 

minus redosan || 

Cr. fibre minus 
cr. fibre redosan 

Inredose 

Redose 

^ 't* 

•s O 

4-® 
«> .3 

.So 

w 

Furosan, 1 st 
dist. minus 2 d 

: 55 

14 

j 

41 ! 

35 

12 

7 

28 

20 

2 

9 

6 

98 


0.9 

1 — 

10 

j 

19 

7 

6 

13 

! — 

3 



104 

— 

1.4 

1 30 

12 

18 

26 

— 

7 

19 

! 4 

— 

— 

_ 

99 

— 

0.0 

' 59 

21 

38 

28 

17 

j_ 


1 

4 

— 


i- 

— 

,— 

; 70 

27 

43 i 

37 

20 

! — 

— 

‘ 33 

7 

— 


1- 

— 

— 

1 06 

31 

35 

39 

16 

1 8 

31 

27 

5 

9 

4 

100 

— 

1.1 

j 85 

2 

83 

71 

- 

1 

70 

I 14 



— 

99 

— 

1.6 

' 85 

19 

66 

68 

— 

1 1 

67 

! 17 

— 

— 

_. 

1 100 

101 

— 

68 

30!‘ 

38 ! 

42 

17 

1 6 

36 

i 26 

13 


— 

j 

.— 

0.8 


27(.‘ 

46 1 

33 

1 

19 

i 5 

28 

1 40 

! 

1 j 

8 

1 


i - 

i 


0.9 

, 77 

37 

40 

i 

i 56 


24 

32 

' 

1 21 

j 


1 1 

1 j 

i 97 i 


1.7 

i 78 

40 

38 

58 

— 

22 

36 : 

! 20 

— 


1 1 

i 101 

— 

1.5 

1 84 

i 42 

42 , 

! 02 

— 

! 23 

39 ! 

i! 22 

— 1 



I 

— 

_ 


^ After () h ethor oxtraction. 


Moreover all pentosan determinations in this investigation are 
iiitended to be an inventory of Swedish hay and some other feeding 
stuffs. This inventory is dealed with in Chapter XI (p. 281). 

Vronic acids have not been the siibjeet of any special investigation 
here. On applying the inethods proposed tht^re are good grounds 
for siipposing that the iironic acids will be at Icast partly iiicluded 
in botli redosan and furosan. Perhaps we can even expect to find 
the iironic. acids in these two groups in a quantity which can be 
calculated as the stoiciuonietrically corresponding amount of pentoses 
(GiiNTiiEB et al. 1892). After several authors sueh as Dickson et al. 
(1930), PinLLiPS et al. (1933), IIallsworth (1939), McCready et 
al. (1946) a stoichioinetrical formation of COg from uronic acids is, 
at least under certain conditions, assured. 

XoRRis & Kescii (1935) State that on boiling with 12% HOl so 
much furfurol is formed that the quotient glucuronic anhydridejfur- 
furol becomes 4.28. 

XoRMAN & SiiRiKHANDE (1935) dctermined the content of total 
furfurol, and the furfurol formed by uronic acids, in certain feeding 
stuffs. In wheat straw which yielded 17.6% furfurol, 8.0% was 
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derived from uronic acids; in meadow hay^which yielded 14.6%, 
6-3 was derived from uronic acids; and in barley straw, which yielded 
18.7%, 11.3% was derived from uronic acids. Thus it would appear 
that a considerable part of furosan in liay and straw consists of 
uronic acids and/or polyuronides. These results ought to be con- 
firmed before we accept them as establislied. 

Phillips et al. (1939) investigated the seasonal variations in 
uronic acid content in oat plant, and showed that the percentage of 
uronic acids decreased during the development of the plant, but the 
weight increased. 


IX. Calculating refusan (redosan—furosan) in order to 
estimate tothexosan. 

Eedosan is intended lo be an approximation for totosan, and 
furosan for totpentosan. Thus the difference between redosan 
and furosan must be an approximation for tothexosan. This dif- 
ference will in the following be called ‘‘refusan.’^ As a measure of 
tothexosan, however, refusan must be more apinoxiinative than the 
directly determined redosan and furosan as measures of totosan 
and totpentosan. 

From empirical results, already mentioned, of redosan and furo¬ 
san deterininations on different, well-known glucide preparations it 
can be calculated which contents of refusan should be found in the 
latter. 

Agreements are good, except for glucides containing fructose 
and arabinose. Fructose only gives ca. 40% of its weight, whereas 
arabinose gives 23%, when it should give 0%. Now it may be sup- 
posed that arabinose does not occur in any considerable quantity. 
But the fructose content can be calculated to reach between 
and ^/2 of the inredose content, or ca. 5 to 10% of the sample, when 
the inredose content is high, and still more, if fructosan be included. 

Thus in extreme cases ca. 5 units too low percentage content of 
tothexosan can be expected, when we give the refusan content as 
approximation, even if we do not reckon with the presence of fruc¬ 
tosan. As such a miscalculation may have serious consequences, 
there are good reasons for not procceding in tlie manner described 
when making glucide analyses of hay. Instead, sugar should first 
perhaps be extracted with alcohol or water, and then be determined 
as inredose or inaltredosan. In the extraction residue redosan can 
later be determined (see Table 26—28, pp. 211—213). 

Inredose or maltredosan appear to contain only small quantities 
of pentose or pentosan. For this reason furosan can be determined 
in the original sample, and refusan can be calculated as the sum of 
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the redosan and maltredosan (or inredose) content found in this 
way, reduced with the furosan content. Tims the miscalculations 
are considerably diminished, but it is necessary fnrther to control 
that pentosan be not extracted nor included in the determination 
of maltredosan or inredose. If inredose determination be nsed, 
attention must also be paid to the possibility of maltose (theoretically 
also lactose) oceurririg, and ^?iving too low a value. 

From the experiments given in Table 28 (p. 213) it appears as if 
a difference of 1 % is obtairnui when total redosan is directly deter- 
mined in one case, «hd in the other case is determined as the sum 
of inredose, extract<ed with aleohol, and redosan in the extraction 
residue. 

This difference seems io agree with the difference between inre- 
dos(i after water extraction and after aleohol extraction. 

It appears im)bable that pentose or pentosan a-re not included in the 
w^ater extraet of hay. This, however, should be investigated. Some 
deterininations of reducing power have been made after formenta- 
tion aecording to Menzinsky (1942) in water decoction of hay. 
(Almost the same method has been previously put forward by 
Leander (1936), but unfortunately not in print.) In these exx>eri- 
ments ca. 1 or roughly the same figure as the difference between 
inredose after w^ater extraction and after aleohol extraction, was 
found. This ])()ints to the reducing power after fermentation being 
induc-ed by substaiices insolublo in aleohol, but does not i)rove it. 

Serriå (1947) showed that the reducing j)ower after fermentation 
could be completely reiiioved from cane molasses with the help of 
ion ex(iliangers. This shows that the reducing j)ower after fermenta- 
tioii was not caused by pentose but by an eleetrolyte, x)robably 
amiiio aeids, or possibly uronic acids. 

It is probable that the use of ion exchangers is more advantageous 
than the precipitation of protein and/or amino acids, carried out 
in the usual ways, for removing reducing substances of non-sugar 
nature. 

Especially on 112804 hydrolysates, x)reviously i)recipitated with 
Ba(OH)o, the use of ion exchangers in order to remo ve amino acids 
should be advantageous. 

It would be of considerable value to control the caleulations of 
refusan content as an estimation of tothexosan by deterniining the 
reducing power after fermentation of hay hydrolysate with yeast. 
This has not been (*,arried out in this investigation. 

The content of real hexosan can be roughly estimated by reducing 
the quantity of refusan with inredose; but it becomes extremely 
rough, if three different deterininations are used in this manner as 
the basis for the estimation. 
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X. Cellulose, crude fibre, nitrogen-free extract, lignin, 
sugar alcohols and organic acids. 


1. Cellulose. 

It is desirable to make a more detailed classificatioii of the carbohydrates 
in th© analysis than has been proposed in this investigation. It would b© 
of ©special value to differeniiate betweeii hexo-cellulose and other hexo- 
glucides, but it is vory difficult to ©stablish a limit for cellulose. Many 
different limits have been proposed, the inajority based on purely practical 
analysis. The carbohydrates usually considered as cellulose are those which 
are insolubl© when treated with a solvent, generally an acid solution of 
sulphite, hypochlorite, or both. In certain cases the residuo has been treated 
with Schweitzer’s reagent to dissolve the cellulose. In such cases th© final 
cellulose preparation has been precipitated with alcohol or acid. In this 
investigation no cellulose determination has been carried out. 


2. Crude flbre and nitrogen-free extract. 

It is also of interest to make a doser investigation of crude fibre and 
nitrogen-free extract, ©specially as th© present thoones of animal nutrition 
ar© to so great an ©xtent built on th© crude fibre content in th© feeding 
stuffs 'Sot has any investigation been made in this sphere. Arnong the 
investigators who hav© oontributed to the examination of the composition 
of crude fibre and nitrogen-free extract I would ©specially refer to Uoy 
(1914), «Ti7TZER (1915), Norman (1935), Browne (1940), Phillips (1940 a, 
b), Thurbkr (1940), Yanowsky (1940), Baker (1940), Denny (1940), 
Maynard (1940), PoppoFP (1943 a), Paloheimo (1945), Nordpeldt (1947), 
Nordfei.dt ©t al. (1949). 

It is possible that certain of my results appear to support those of Nord- 
PELDT et al. (1949). For it appears from my investigations (se© p. 282) as though 
the carbohydrate content in th© crude fibre increasod simultaneously with 
the plant s development. These investigators found that the lignin content 
in the crude fibre decreased with the plant’s development. If this result 
can bo further supported, it would point to a serious deficiency in the crude 
fibre method. Lignin, as an important part of the roughago, ought really 
to be included in crude fibre. 

It would seem that ©ither cellulose or lignin deterrninations, or both, 
should indicate mor© coiicerning th© planfs degre© of development than a 
determination of crude fibre. 
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3. Lignin, sugar alcohols and organic acids (other than 

uronic acids). 

These groups of substances have baen treated in this investigation, 
but are wholly or partially incltided in the old nutritional term “carbo- 
hydrate”, but not in the Chemical term carbohydrate or glucide. Lignin 
determinations will certainly become very important for the evaluation of 
feed», as lignin has a low nutritional value of its own (in certain cases no 
8uch value at all) and, in addition, prevents aninials from enjoying other 
more valuable components. Apart from this it must be remembered that 
certain kinds of animals (possibly all) need different qiiantities of bulk 
for the correct function of the digeation. 

The sugar alcohols have been investigated very little in such materials 
as are used for feeding stuffa. 

It is of importance to determine the content of organic acids (volatile, 
ether-aoluble and others), especially in such feeding-atuffs as have a basic 
excess in the ash, but nevertheleas an acid plant juice, e. g. legiiminoaae. 
The uronic acids liave been treated on pp. 277-278. 

XI. A glucide inventory of Swedish hays and some other 

feeds and foods. 

The hay samples for this inventory have to a lesser degree been collected 
by the author, and to a groater degree obtained from farmers well-known 
to him, as well as through rural economy associations and the National Agri~ 
cultural Chemical Control Instittite, with other organisations. Only such 
samples have been accepted where information has been given as to the 
type of soil, the year of seeding, the hay’8 botanical composition, etc., 
80 tliat groups can be assembled and comparisons made on the influence 
of a quantity of faotors which could be thought to act on the carbohytlrates 
of the hay harvest. 

The risk of the sugar content of the hay being destroyed at har- 
vesting by cell activity or fermentation, whereupon the hay dinii- 
nishes in value to a corresponding degree, is always present. This 
risk is greatly accentuated by different faetors, especially by moi- 
sture, but these faetors are not yet fully established. It is probable 
that the hay harvests during the 1940 and 1941 sumniers. which 
form the basis of this inventory, only slightly diminished in value 
owing to this (^aiise, seeing that both of these years w^ere very dry. 
The samples were collected during or immediately after field drying 
and have been afterwards dried in the laboratory air down to ca. 
9% moisture content, whereupoii only harvest losses and not 
storage losses have been ealculated as influencing the investigation. 
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Thus the collection of samples is satisfactory from the point of 
view bf investigating other factors than harvesting and storage, 
but unsuitable for investigating the influence of harvesting and 
storage methods. Nor is the material representative of a normal 
Swedish hay harvest, which may be expeeted to contain less sugar 
even at carrying and which must be expeeted to lose a large part, 
perhaps all the sugar, during a season’s storage. 

The collection of hay samples, mentioned above, is on the whole 
the same as used in the earlier investigation of Svanberg & Eke¬ 
lund (1943), but not the botanically pure samples which have been 
collected by sorting in a fresh State from fairly pure cultures. 

Other feedfi and foods havo been placed at my disposal by the generosity 
of the Royal AgricuUural Collegeas anaLytical lahoralory, and a mirnber of 
this laboratory'8 associates. This has been of advantage in that the samples 
already analysed with conventional methods for other purpf)SOS could be 
used for (;oniparing carbohydrate investigations. 

1. Redosan in crude fibre. 

In attempts to determme the quantity of redosan in preparat i uns of 
crude fibre it was shown to be very difficult to obtain a comploto dissolutioii 
of the crude fibre particles. This may depend on the preseiicc of the fjlter 
medium (glass wool), which by capillary attraetion removes a great part 
of the 24 N H 2 SO 4 , It has also been showm in a few' (Controls that a socond 
hydrolysis of the filtrate from redosan determination in crude fibre has 
given u little more reduetion. I have, however, given some resnlts of redo¬ 
san dotenninations in crude fibre, although I fear tliat tlio figuros may 
be somewhat too low. For thero were shown to bo such striking differences 
between varying stages of dovelopment in the same material, that slightly 
too low figures will do no harm. The figures can also be considored to be 
more vaUiable relatively than absolutely. 

For determining redosan in crude fibre a collection was made of botani¬ 
cally pure samples of different grasses and a few other plan is. Thoso samples 
were dried indoors and spread out on a tablo without any special treatment. 
The rosults of the conventional crude analyses and some glucide de termina- 
tions may be seen in Table 63 (p. 274) and in Fig. 30 (p. 283). Some striking 
results may be mentioned here. 

The crude fibre redosan content is shown to inerease in Alopecurus 
pratensis even af ter the shor t period of 2 days between the takings of the 
samples. The content of crude fibre only mereases 3 . 4 %, whereas the 
content of crude fibre redosan inereases as much as 13%. 

This implies that other substances than glucides, included in crude fibre, 
have decrea^ied by ca. 10 %. Similar conditions are shown in other cases, 
where the same culture or same species have been taken as samples on dif¬ 
ferent days. 
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Fig. 30. Crudo fibro redoaan coiitont at different harvestirig dates in different 
parts of vSwfdon. See Kig. 03. 


Dactylm gloimratu increasea its cruile fibro rotlosan oontont in 2 days 
from 13.8 to 15.9, and a aainple of tlie same specios taken 10 days latcr 
in anothor place, it is true, shows a crude fibro rodosan content of 24.7 %. 
In this case also tho crudo fibro (oontont has increased relatively little so 
that other substancos included in crudo fibre obviously decreased con- 
sidorably during tho dovelopmont poriod. 

Trifolimn p 7 \Uen 8 e has boen taken as samplo in different plaees, both 
011 tho 19/6 and on the 24/6. As in tho case of Daetylus glomerata the 
first samplo taking was mado in Uppland, and the second in Scania, so 
that the difference should not be considered to correspond to the actual 
time in both cases. Trifolium pratenso has a crude fibre redosan oontont 
on the 19/6 in Uppland of 7.9%, and on the 24/6 in Scania of 16.4%. In 
this case the crude fibre content shows a change in the opposito direction, 
so that other substances included in crude fibre ha ve decroased as eon- 
siderably as from 17 to 5%. 

Medicago sativa hos been taken as sample on the 13/6 in Uppland and 
on the 24/6 in Scania, and shows in botli cases roughly the same crude 



284 


Sigvard Ekelund 


fibre oontent, but the crude fibre redosan content is in the earlier harvest 
6.1%, and in the later 17.5%. Other substances included in crude fibre 
amount to 18% in the earlier sample and 6% in the later. 

Epilohium anguatifolium has been taken as a sample in Scania both on 
the 24/6 and on the 2/7. In this case the crude fibre content has increased 
irom ca. 20% to ca. 27%, whereas the crude fibre redosan content has 
increased from 16 % to 20 %. In contrast to the previously mentioned cases 
th© other substances in the crude fibre have increased here from 4 % to 7 %. 

Thes© results ar© in agreement with thos© of Nordfelut et al. (1949) 
mentioned on p. 280. My results, however, are very uncertain, as th© in- 
vestigation was not planned from this point of view. 

In our crude analysis groups, crude fibre and ni trogen-fre© extract should 
b© the groups which are least clearly defined. Yet it is th© crude fibre de- 
termination, wlion applied to hay, which is perhaps the most important 
of th© convontional methods, as it gives a relatively good expression for 
different harvesting-times and stages of developmont, and thereby for 
nutritional valuo. Th© modem methods of nutritional evaluation ar© also 
largely based on th© crude fibre determination (Axelsson 1936). 

Therefore it is all the more remarkable that the crude fibre redosan 
oontent ia sho^vn to increase still mor© with the degree of development than 
th© crude fibre content. It would also appear as though the result con- 
tradicte<l previous theories to th© effect that certain substances during 
the development impregnated the cellulose mor© and more effeetively and 
with it fomied an indigestibl© skeleton, to which the crude fibre was con- 
aidered almost to correspond. The present result does not of eourse prevent 
the same reasoning as regards the impregnation during the eourse of dovelop* 
ment, but this investigation illustrates that the crude fibre determination 
is a comparatively woak expression for showing the eourse of impregnation. 
The impregnated substances, which remain behind after the acid and alka- 
lino boilings of the crude fibre inethod, are, contrary to all previous theories, 
shown to decreas© as a result of th© development of the plant. This does 
not, however, prevent the processes in th© animal intestine from being almost 
©ntirely different, so that the skeleton from more devoloped hay, which 
is least digested, can be more impregnated by lignin, rosins, etc., than the 
skeleton from less developed hay. 

If, on the other hand, we examino nitrogen-free extrac;t, the conditions 
here aro completely reversed; the less devoloped hay having a more glucide- 
rich nitrogen-free extract, and the mor© developed hay having a less glucide- 
rich nitrogen-free extract. The non-glucides included in nitrogen-free extract 
may well consist of primarily organic aeids (non-ether soluble) and of 
lignin, but naturally of many other substances as well. 

Thus th© crude fibre mothod can b© considered a very poor imitation 
of th© digestiv© processes in animals. 

If w© examine all grass samples (se© Fig. 36, above dotted line) a general 
impression is received that the crude fibre redosan content inereases in 
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proportion to the growth of the plant. The same is true of the clover samples 
and those of Epilobium angustifolium (see Fig. 36, under dotted line). It 
is to be noted, however, that all samples harvested before 24/6 are from 
Uppland, and all harvested after this date are from Scania. 


2. ^^Complete crude analyses"’ and proposed glucide analyses 
on some hays and other feeds and foods. 

All the “complete crude analyses” have been performed according 
to the official instructions given by Kungl. Lantbruksstyrelsen (1940) 
in Sweden. 


A. Ifay, herbage and lichens. 

Among grasses timothy occiipies a special position in that the crude 
fibre redosan (iontent is high and the content of non-glucides in the 
crude fibre is low. This agrees with the general opinion that timothy 
is a suitable hay for horses. The redosan content lies throughout 
at about 50% in all grasses and about 35% in all leguminosae ex- 
amined (see Table 63, p. 274). The differcnce between the convention- 
ally determined crude carbohydrate and redosan is almost the same 
in grass and clover, possibly somewhat higher in clover. It must be 
supposed that these unclassified substances, which constitute the 
above difference, consist in leguminosa*. to a eonsiderable degree of 
organic acids and in grasses mainly of lignin, as in both (;ases the 
plant juice is acid, but the clover ash has a fairly large basic excess 
comi)ared with grass ash. 

It is of especial interest to study the result of the conventional 
<‘rude analysis on cow manure compared with hay. It is true that 
the crude iibre content is so high in coav manure that it is almost 
the eqiiivalent of straw in this respect, and the content of nitrogen- 
free extract is relatively low compared with hay or straw. The fi- 
gures are, however, in nowise exceptional, especially if one takes 
into consideration tliat the hay samples used herc have boen dried 
under excellent conditions compared with the normal, and that 
they have been comparatively early harvested. The content of redo¬ 
san, however, in cow manure is essentially beneath the normal 
content in grass hay. The content of “unclassified substances” is 
very high. The content of refusan is very low and is even lower 
than the normal in (*lover. 

To judge by the conventional crude analysis of such material as 
annual shoots of pine and needle fall residues of spruce we obtain an 
impression of food-stuffs fit for use, with a very low content of pro¬ 
tein, it is true, but a comxiaratively high content of crude carbo¬ 
hydrate. If a redosan determination is made, a very low value is, 
however, obtained and as much as about 40% must be reported as 
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“unclassified substances^^ after determinations of moisture, ash, 
crude fat, crude protein and redosan. 

On the other liand, Getraria islandica^ Iceland moss, and Cladonia 
rangiferina, reindeer lichen, possess a very high content of redosan 
and from this poiiit of view are fully in line with the cereals. 

This agrees fairly well with the practical exx)erience of these feeds 
when iised as substitutes for live. stock feeds, rich in sugar,. 
Moreover they are recognized to be indispensable for reindeer. 
Both these feeds are, however, composed almost entirely of glucide 
and are oii the whole not in line with the cereals. Both these iichens 
are also hnowu to contain much of easily hydrolysed glucides, and 
have given the name to the glucide lichenin. 

B. Straw and reeds. 

8 traw and reeds show a fairly high content of redosan, and curi- 
ously enough not a higher content of “unclassified substances” than 
in normal hay. Ilere both hay* as well as straw show roughly the 
number 20, whercas cow manure shows roughly the number 30. 
Straw, however, has a fairly high content of pentosans. 


C. GereaU, 

In the e-ommou cereals (see Tab. 64, p. 287) there is an especially 
good agreement between the contents of convcntional crude carbo> 
hydrate and redosan. The i)ercentage of ‘‘unclassified substanees'^ 
is about 4. With such low figures for the content of “unclassified 
substances’^ it is important to noticc that the errors, inherent in all 
crude determinations, are added together. As an (^xample of this 
the fo.ctor 6.25 (several authors employ 5.7 or 5.8) is used when eon- 
verting nitrogen to crude protein. 

As previously known the pentosan content is especially higli in 
wheat bran and fairly high in wheat germs and higher in oats and 
barley than in wheat and rye. 

In bread, Sieber (1942) maintains that one is justified in deter- 
mining glucide as a reinaindcT dry matier — (ash + N 4 crude fat). 

The i)rotein faetor 6.25 is suggested as suitable, at least when 
milk is ineluded in the bread. Crude fat was determined by a special 
method, in order to avoid fat being enclosed within protein films or 
pasted starch. 


13. Various Mnda of oileaJee, 

Several oileakes and by-produC;ts of the oil industry (see Tab. 64, 
p. 287) have a fairly high content of “unclassified substances’’ in re¬ 
lation to our common cereals, and it would appear to be of value 
to note the figure of this content, which to a certain degree reveals a 
mixture of shells and other inferior materials. 
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Table 64. Crude analyses and glucide analyses of some feeds and 
foods, % of air-dry matter (9% moisture). 


Material 


1 

« I 

< I 

I 


e 


o 


Cereals 


j Maizö (am: corn) 
» ( » » ) 

; W^heat . 

Wheat bran .... 
' Wheat gorma.... 
: Kye ..... 


2 6 
2 5 
2 2 
4 4 
() 8 
2 2 


Oat 


4 5 
4 3 


Oilcakcft 

1 Van ut moal. 

Liimoed cakc. 

» » . 

Soya-bean ineal . 

» )) . 

Sunflowor seod meal. 

Poppy soed oake. 

Mustard meal. 

Cako mixture. 

» )) for poultry ... 


8 

0 

() 

6 

7 

8 
13 
11 

8 

10 


MisccUaneous 

(V)roa boan shellH . 

Dned earrots . 

dVoteiii») sugar beet chips . 

'»(Vllfor m ni». 

Siilphito eollulose (foeding). 
Sulphato eellulose (feedirig) 
Dried meat with bone meal 


7 

8 
5 

I 

3 

1 

41 


0 

8 

5 

1 

2 

2 

13 

2 

4 

4 


8 

1 

0 

0 

0 

0 

3 


»o 

<N 

«Ö 

Crude | 

carbohydrate 1 

Crude fibre j 

N-free extract 

Redosan 

Furosan j| 

Refusan 

i 

g ^ 

. filio g 

tSS';+ 

Il ® 

15 h/3 h in 24 X || 

Furosan, 1 st 
dist. minus 2 d 

|i 

il 

10 !i 74 

2 

72 

, 

, 71 
70 

2 

69 

;i 

il 

3 j 98 


2.1 

10 

i 74 

2 

72 

— 

— 

1 4 - 

— 

1.3 

9 

78 

2 

76 

73 

— 

72 i 5 1 ~ 

— 

1.3 

16 

!i 67 

9 

68 

59 

21 

38 

8 1; 95 

— 

1.1 

20 ' 61 

3 

48 

48 

10 

38 

3 1' 96 

— 

— 

8.1 79 

2 

77 

! 75 

5 

70 

1 4 Ii - 

— 

1.8 

12 

:! 70 

5 

65 

1 67 

12 

55 

3 i; 97 

96 

1.3 

12 

72 

9 

63 

1 ö7 

10 

57 

5 ; 98 

— 


52 

|i 

31 

8 

23 

23 

5 

18 

1 8 1 — 

_ 

<3.5 ^ 

34 

' 43 

8 

36 3 33 

13 

20 

1 10 i' — 

93 


40; 40 

8 

32 

28 

10 

18 

12 — 

— 

— 

46,! 38 

5 

33 

' 28 

6 

23 

, 10 , 95 

— 

0.5 

39 

' 43 

8 

35 

32 

6 

27 

11 — 

— 

1.7 

38 

il 43 

18 

25 

, 25 

8 

17 

18 - 

— 

!5.0 * 

34 :; 31 

15 

16 

17 

5 

12 

14 ,100 

95 

— 

35 

1 43 

9 

34 

30 

7 

23 

13 i 97 


0.8 

40 

39 

13 

26 

; 25 

9 

16 

14 1 97 


0.8 

19 

, 58 

,1 

4 

54 

54 

6 

48 

4 98 

— 1 

— 

16 

60 

14 

46 

29 

7 

22 

i' 

31 i 100 

91 

0.9 

8 

74 

4 

70 (51 ® 

5 

46-« 

23-®! so! 

74 

1.9 

9 

. 77 

18 

59 

58 

1 

57 

19 i 100: 

98 

1.7 

0 

90 

75 

15 

87 

7 

80 

! 3 ! 99 

— 

1.4 

0 

88 

70 

IS 

88 

1 

87 

' 0 ; 100 

98 

1.7 

0 

90 

72 

18 

89 

1 

88 ; 

1 1 II 98 


1.3 

46 

: 1 

2 

1 

: 1 

I 

0 ' 

i 0Hl40. 


-0.3 


Foarried. 

» , flocond diatillation minus third 1.1). 

Ineorrect bocause of high fructoso content. 


E. Misccllaneous feeds, 

Dried carrots (see Tab. 64, abovc) have been analysed especially 
by reason of their high content of fructose in combined form. Ås 
expected it was found to be difficult to obtain reproduoible values 
for the content of redosan, and a prolonged boiling at the redosan 
determination diminishod the yield of reducing substances to a 
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greater degree than for any other feeding stuff treated in this paper. 
Both these results are typical for fructose-rich materials. 

Peeding-cellulose as expected possesses a high content of redosan 
and a very low content of “unclassified substances.’’ A mixture of 
bonedust and dried meat shows as expected a very low redosan 
content and has been mentioned in the tables as being under 2, since 
the method used is not suitable for these small glucide contents. 
In the latter case a higher yield of redose has been obtained after 
prolonged boiling but as the yield of redose is very low this figure 
must be considered as very uncertain. 

As a general commentary to this little inventory of Swedish feed¬ 
ing stuffs other than hays, I would add that the material is not in- 
tended to be representative of Swedish feeding stuffs. On the cont- 
rary I have even examined a quantity of extreme substances, which 
cannot be considered as feeding stuffs. This was done in order to 
illustrate which analytieal methods possess the greatest value when 
it is a question of showing up falsifications with inferior substances. 

F. A series oj hay samples from the province of Värmland, 

In Table 65 (p. 289) are shown the results of eonventional crude 
analyses and some different glucide determinations on some hay 
samples from Värmland. The hay samples have been sorted into 3 
groups after the clover content. The eonventional crude analysis 
has been carried out by the Örebro Chemical Station, and the material 
after the crude analysis has been generously pla(‘ed at my disposal 
by the Värmland Mural Economy Association, 

The material is extraordinarily uniform from almost every point 
ot view, the only considerable variation being in the sugar content. 
Yet the influence of the botanical composition can be notic.ed in that 
the redosan content decreases with inereasing clover content, and 
the content of “unclassified substances’’ rises. 

In Fig. 31 (p. 290) a diagram is given showing the expected correla- 
tion betwcen the contents of redosan and inredose. The correlation 
was shown to be very bad. It is to be supposed that a better corre¬ 
lation would appear in a worse harvesting year, as low contents of 
both components result from bad harvesting and high contents of 
both from good harvesting. 

G. Medosan content in feeds as compared with nitrogen-free extraet 

content. 

From Tabs. 63, 64 and 65 it is seen that the redosan content is more 
in agreement with nitrogen-free extraet content than with crude 
carbohydrate content. In Figs. 32 and 33 are given two compari- 
sons between redosan and nitrogen-free extraet contents in different 
groups of feeds. 
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Table 65. Crude analyaes, redosan and inredose analyses of hays from 
the province of Värmland. 8ee Fig. 31. 


% olover 

ash 

crude 

fat 

6.25 N 

crude 

carbo- 

hydrate 

crude 

fibre 

N -freo 
extract 

rodusan 

cr.carbo- 

hydrate 

minus 

redosan 

in¬ 

redose 

0—25 % 

7 

2 

8 


74 

31 

43 

50 

24 

8 


6 

2 

8 


75 

31 

44 

51 

24 

9 


5 

2 

7 


77 

29 

48 

53 

24 

13 


6 

3 

8 


74 

27 

47 

49 

25 

14 


5 

3 

7 


76 

31 

45 : 

56 

20 

11 


6 

2 

9 


74 

28 

46 ! 

51 

23 

9 


5 

3 

9 

j 

74 

25 

49 j 

49 

25 

11 


5 

2 

8 

! 

76 

32 

44 ' 

55 

21 

10 

] noans 

0 

2 

8 i 

75 

29 

46 ' 

52 

23 

11 

25 -50 % 

7 

1 

i 2 

9 

1 

1 

73 

29 

44 i 

i 48 

25 

5 


7 , 

i 2 

9 

1 

73 

35 

38 i 

! 50 

23 

7 


6 ! 

2 

8 

1 

' 75 

30 

45 ' 

51 

24 

10 


0 1 

3 

7 


! 75 

! 29 

1 4() , 

51 

; 24 

16 


7 1 

2 

9 


1 73 

32 

41 

49 

' 24 

8 


8 1 

2 1 

8 

i 

1 73 

28 

i 45 

47 1 

26 

10 


6 

2 ' 

10 

1 

1 1 

28 

! 45 '' 

48 ! 

25 



6 

2 ' 

8 

1 

1 75 1 

1 33 

42 , 

51 ; 

24 

9 

1 means 

7 1 

' 2 ! 

9 

j 

; 73 1 

30 i 

43 ' 

49 

24 


60—75 % 

' 5 

3 

9 

1 

1 

1 

! 74 

j 30 


i 50 

24 

1 11 


6 , 

3 

9 


1 73 , 

27 

46 ' 

: 48 

25 

10 


0 

3 , 

10 

! 72 

31 

41 

47 

25 

7 



2 ' 

11 


72 ' 

1 31 

41 

46 

26 

8 

nioans i 

(> 

3 , 

10 

II 73 

! 30 

^43 

: 48 i 

25 1 

9 


Tt is 8eon from ¥i^. 32 t-liat the ajjreement betwaen thesc 
j^roups of analysis is very ^ood for (»ereals and oil-cakes. But it i& 
very bad for many otlier feeds, as is seen from Fig. 33. When the 
points lie downwards and to the right from the line it may depend 
011 a higlier eontent of non-gineides in nitrogen-free extract thaii 
glueides in erude fibre. When the points lie upwards to the left 
from the line it may depend on a higher eontent of glucides in crude 
fibre than non-glueides in nitrogen-free extract. It is believed that 
the good agreement for cereals and oil-cakes depends on their low 
contents of lignin and cellulose (and crude fibre), and these faets 
result in low contents of crude fibre glucides and non-glueides in 
nitrogen-free extract. The results are in good agreement with those 
of SiEBEB (1942), see p. 286. 

Naturally it may be possible that non-glucides in nitrogen-free 
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Fig. 31. Tho bad oonnection betweeii inredoso rontent and redosan content in 
hays from the provinco of Värmland. Soo Table 65. 


extract and glucides in crude fibre can amonnt to tho same porcen- 
tage, and the points on Figs. 31 and 32 can fall on the line be- 
cjinsc the two deviations counteract and conceal each other. 


3. Factors affeciing the glucicle content of hay. 

A. 24 h variations, 

Tho same material as collected by Svanberg & Ekelund (1943) 
for investigating the variation of the sugar content during 24 hours, 
was now investigated with rcgard to the contents of total glucide, 
pentosan and sugar. The results were different for grass (Fig. 34, 
p. 294), red clover (Fig. 35, p. 295) and alfalfa (Fig. 36, p. 296). 
All these results are given in Table 66 (p. 293). 

Night, cloudiness and sunshine are marked in the figures. As in 
all cases the furosan content is very constant during the 24 hours, 
the curves for redosan and refusan will be practically parallel. Be- 
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Fig. 32. C'Onnertiori between nitrogen-free extract and redosan content of cereals 
and oil-cakes. See Table H4. 


twcen these two conteiits and the inredose content there is seen to be 
a (dear correlation in the case of ^?rass, less clear for clover and none 
for alfalfa. 

The content of redosan, refusan and inredose varies after exposure 
to the lijjjht; obviously in ^^rass, less obviously in clover and not 
noticeably in alfalfa. 

WiLSON & Webb (1937) investi^ated rye plant and alfalfa in a 
similar way and the result was almost the same, since the sugar 
content of the rye plant varied more according to the degree of ex¬ 
posure to the light than the alfalfa. Dextke (1945) demonstrated 
that the sugar content of alfalfa increased during the day only 
when there was brilliant sunshine. 

CuRTis (1944 a) States that it is a distinct advantage to cut alfalfa 
and other forage crops in the afternoon rather than in the morning. 
WooDWARD et al. (1944) says that there is no evidence of any in- 

19— 48106 Kungl. Lnntbrukshögskolans Annaler. Vol. 16 
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*gromina oitguminosct • mixed hays 



Fig. 33. Coniiection between nitrogen-froo oxtract and rodosan eonteiit of othor 
feeds than cereals or oil-cakes. See Tables 03 and r>4. 


creaso in yield of dry mat-ter during tlio afternoon, but Curtis 
(1944 b) maintains bis opinion. From tbis investigation it would 
appear tbat there is no advantage in cutting forage oroi)S in the 
evening if we want lo dry them to hay by the usiial methods. Por the 
high sugar content will only be lost during the drying and storiiig. 
We may possibly save the higher sugar content if we dry the hay 
artificially by good methods or if we make silage. If the sugar be 
gathered by night from the roots, it is possible that the following 
h arvest can decrease as a result of cutting in the evening. 

The fact that the pento-glucide content seems to be constant 
during a 24 h period was known at least as early as de Chalmot 
(1893), and many authors have observed the same. 

Here the question is not taken up from a plant physiological point 
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Table 66 . Variations during 24 h in the contents in grass, red 
(iover and alfalfa of different groups of ‘^glucides^^ (redosan, furosan^ 
refusanj inredose and redose). {816—916 1942). (Hee Figures 34, 35 
and 36 pp. 294, 295, 296). 


Material 
and point 
of time 
h and in 

red osan 

% 

fiirosan 

of air-dry 

refusan 

matter (9 

refusan 

nunus 

inrodose 

“o moistun 

inredose 

0 

inredose 

minii.s 

redose 

redose 

(rrass 








4:00 

41.3 

10.9 

24.4 

10 

8.4 

0.1 

3.3 

S:00 

39.0 

17.5 

22.1 

14 

8.3 

5.2 

3.1 

12;00 

41.0 

17.4 

24.1 

14 

10.6 

6.0 

4.1 


42.7 

17.4 

25.3 

13 

12.1 

7.9 

4.2 

20:00 

43.1 

17.3 

20.8 

14 

11.7 

7.6 

4.1 

24:00 

41.2 

17.2 

24.0 

13 

10.8 

7.3 

3.5 

4:00 

39.0 

17.1 

22.5 

12 

11.0 

7.8 

3.2 

Ii ed cJover 








4:00 

23.2 

9.0 

13.0 

10 

3.3 

— 

— 

8:00 

23*7 

9.2 

14.5 

11 

3.1 

2.1 

1.0 

12:00 1 

23.7 

9.0 

14.7 

11 

' 3.3 

— 

— 

10:00 

24.8 

9.1 

15.7 

32 ! 

I 3.9 


— 

20:00 

24.0 

9.2 

15.4 

10 

5.0 

4.0 

1.0 

24:00 

23.3 

9.2 

14.1 

10 

1 4.1 

— 

— 

4:00 

24.3 

9.3 

1 15.0 

n 

' 3.7 

— 


Al fal fa 








4:00 

24.7 

11.0 

1.3.2 

12 

1.4 

1.2 

0.2 

8.00 1 

20.7 

11.7 

14.0 

11 

2.0 

2.2 

0.4 

12-00 

24.0 

11.1 

13.4 

11 

i 2.4 

: 1.8 

0.0 

10:00 , 

20.2 

11.4 

13.8 

[() 

3.0 

2.9 

0.7 

20:00 

23.7 

11.2 

! 12.0 

9 

1 3.4 

! 2.4 

0.7 

24:00 

20.0 

11.3 

13.7 

11 

3.2 

2.0 

0.6 

4:00 

24.9 

1 1.7 ! 

13,2 

10 ! 

3.2 

2.8 

0.4 


of view, but oiily to proinoie greater interest in furtlier experiments 
carried ont by plant physiologists, erop prodnctioii specialists, nutri- 
tional chemists and animal nutrition specialists, preferably all in 
association. Especially in artificial drying or making silage it can 
be considered possible in practice to profit by a higber sugar content 
in the late afternoon. This faet is perhaps of especial value if the 
sugar during the night moves down to the roots or lower part of 
the plant, seeing that iu such a case the sugar is exploited even less 
in the actual harvesting. Another problem may be that glucides 
collected in the roots may contribute to a swift and successful de- 
A^elopment of the foUowing harvest. 
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B. Seasonal variations, 

Svanberg & Ekelund (1943) also carried out a harvesting time 
experiment witli red clover and alfalfa, investigating tlie variation 
in sugar content. The same material was now investigated in other 
glucides, and the result is shown in Fig. 37 (p. 298) and Fig. 38 
(p. 299), and Tab. 67 (p. 297). 

By reason of the furosan content, especially in clover, being 
quite constant, the redosan and refusan contents correlate fairly 
well. It is true that the furosan content increases in alfalfa, but 
quite evenly, so that the arcs of the redosan and refusan curves 
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correspoiid well. Evon between redosan and refiisaii ou the one 
side, and inredose on the otlier, tliere is a certaiii parallelism. 

Similar experiments liave been made by several investi^ators, 
siich as Pattoi^ (1943), who demonstrated that li^nin and cellulose 
content increased during the whole season, and Stoddart (1946), 
Avho especially investigaied the effeet of repeated harvestings on 
the cellulose/lignin quotient. 

C. Annual variations, 

An experiment material in grass seedings of different ages from 
Gisselås experiment farm in Jämtland in ISIorth Sweden was placed 
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at my disposal. This was investigated witli reference to different 
glucide groups and the result is seen in Fig. 39 (p. 300). Using a 
larger collection of samples, collected moro by chance throughout 
the whole country, a siirvey was made of the connection between 
the number of years af ter seeding and the glucide content, which 
may be seen in Fig. 40 (p. 331). 

The results of both these investigations carried out in different 
ways agree fairly well. Those samples which are harvested the 
same year as the seeding have lower contents of all glucide groups 
than all other samples. Kedosan and refusan reaeh a fairly clear 
maximum from 1 to 3 years after seeding and then slowly deerease. 
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Table 67. Harvesting iime experiment with red chvei* and alfalfa, 
(f^ee Fig, 37 and 38 pp. 298 and 299,) 




% of air-dry mattor (9% moifiture) 

i 

Material 

. - - 






1 

and dato 




refusan 


inredose 

1 


redosun 

furonan 

refusan 

minus 

inredose 

minus 

redose | 





inredose 


redoso 


Hed clover 








I0l5 

24.0 

9.4 

15.2 

KJ.O 

5.2 



22/5 

21.8 

10.0 

ll.S 

8.2 

3.0 

0.5 

3.1 

28/5 

25.3 

10.1 

15.2 

10.0 

4.0 


: 

4/6 

25.0 

10.0 

15.3 

10.0 

4.7 

0.8 

3.9 

]l/6 

31.t 

II.2 

20.2 

13.3 

0.9 

— 


Alfalfa 








22/5 

20.0 

11.4 

14.6 

7.8 

0.8 

3.4 

3.4 

28/5 

20.5 

12.5 

17.0 

9.0 

7.4 

4.4 

3.0 

4/6 

30.0 ! 

13.6 

17.0 

11.5 

5.5 

3.2 

2.3 

11/6 

33.4 1 

14.1 

19.3 

12.7 

0.6 

4.3 

2.3 


Furosan iiujreases up to tlie second or tliird ycar, and tlien remains 
constant or very slowly doereases. The inredose cnrves do not 
a^roe so well with each other, but a maximum appears to be reaehed 
at a aomowhat higher ajre. 

attempt has been made to find the reason for the changes. 
It can, howevcr, be supposed that the lower {^lueide content of the 
last seeding essentially depends on a youn^^er stage of development 
at harvesting. 

In addition the botanical eomposition may have been altered, 
espeeially in the inventory material, besides the faet that the plants 
beeomo older. 

Perhaps an altered botanical eomposition (;an also explain the 
faet that the eurves for legiiininosae and second harvest deviate so 
miich from the grass eurves. An inereased content of grass in the 
materials must change the Chemical eomposition more than an al- 
teration concerning the contents of different grass species in mixtnres 
of grasses. 


D. Botanical influencc. 

CiiUECHiLL (1947) has shown that protein contents of both brome 
grass and alfalfa were slightly higher when grown in mixture than 
when either was grown alone. 

From the inventory material, which I had at my disposal, it would 
seem to appear that the contents of redosan, furosan and refusan 
are higher in mixtures of grass and clover than could be calculated 
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Fig. 37. Harvesting tirne variations in red clover glucides. 


from the botanical eomposition. The Ksugar cont(‘nt seems to agree 
more with the calculated content (see Fig. 41). 

It is liifficult, however, to conclude anything like this from the 
inventory material iiscd, as the clover-holdiiig samples, unfortu- 
nately enougb, are from only a few parts of 8wedon. The fact is 
that tlie pure clover samples are all from the provinees of Scania in 
South Sweden and Uppland in east middle Sweden, and all the clover 
mixtures are from the province of Östergötland in sonth-(^ast Swe¬ 
den, Perhaps, nevertheless, it is possible to make the conclusions 
mentioned, as it has not been possible to show any differences in the 
carbohydrate composition in grass or grass-clover mixtures caused 
by the conditions in different provinees, if we disregard a lower 
sugar content in hays from the west coast. 

The same conclusion may be drawn from the fact that between 
the 4 pure clover samples, the one having the lowest glucide content 
is the one that has grown in a pure culture, while those which were 
grown in mixtures with grass and were botanically analysed have 
shown a higher glucide content, But these two arguments are very 
uncertain. 
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Tf both tliese results and Chxtroiiilt/8 could be verified, tlie re- 
sult would indeed be remarkable, as in tliat case botb protein and 
t^lueidc should oecur in a greater eontent in a mixtnre of grass and 
elover tban could be ealculated from tlie boianical comi)osition. 

It may be possible that the eontent of lignin is lower in elover- 
grass mixtures than could be ealculated from the botanical compo- 
sition. It is improbable that the fat or ash eontent is lower in mixtures, 
to such a degree as could eorrespond to the higher contents of pro¬ 
tein and glucide. 


E. Geographical influence, 

Svanberg & Ekelxji\d (1943) could not show any differences in 
the sugar eontent of hay from different provinces of Sweden, with 
the important exception of a lower sugar eontent in hay from the 
West coast, probably due to the higher relative humidity of the air 
in this district and inferior drying conditions caused by this faet. 
These results were completely eonfirmed in this treatise, of course, 
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Fig. 39. Glucido content in graas hay, harvoafced in tho seoding ytmr (“new”), 
and 1-16 years after seeding. (All the samplea are from Gisaolås experiment farm, 
provinco of Jämtland, Noi^th Sweden.) 


as the inventory material is practieally the same, and the methods 
for determining “sugar’’ and inredose are almost equivalent. 

In the contents of redosan, f urosan and refusan, it was not possible 
to show any considerable differences between hays from different 
provinces of Sweden. 


F. Influence of the type of soilj fertility and manuring, 

The hay samples were divided up after the types of the soil in the 
following se ven groups: clay, silt, fine sand, eoarse sand, gravel, 
high-moor peat and low-moor peat. 

No considerable differences could be shown. The results are 
shown in Tables 68 to 74. If we calculate means of all botanical 
materials for every type of soil, there is no type of soil that causes 
such a great difference from the mean, in any of the glucide group 
contents investigated, as 1.0%. 
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Yifi. 40. Ulucido contont of grasH hay han ostod in the seeding yoar (’‘new”) 
and ono to mnny yoars af tor aoedmg. Moans from afi inventory material from 

all Sweden. 


Ki^hn & Kemp (1942) maintain tliat typea of plant species^ liaving 
a more vegetative appearan(*e, generally inelude iiiore sugar than 
other types. 

Su(*li plants as have grown on soils of higlier fertility liave also 
a liigher sugar content. Benejuct & Brown (1944) report tliat a 
defieit of nitrogen causes an inereased content of suerose and starch 
in a few grasses investigated, but the eontent deereases again af ter 
suffieient nitrogen has been supplied. 


4. The diffcrence bctween Svanberg and Ekelund^s “sugar” 
and inredose in hay. 

By deterniining sugar after both the methods inentioned it was 
shown tliat the inredose method gave results whieh were about 
107.5% of the ‘"sugar” determined after Svanberg & Ekelund 
(1943). About 100 saniples were analysed witli both the methods 
(see Eig. 42, p. 303). 
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grass red clover 

Fig. 41. Glucide contont iu pure grass, piiro rod clover and mixturos of grass and 
clover. To the loft are marked the means and variations of tho inventory material 
from all Sweden. To the right aro marked a few sainplos of puro red clover, all 
from the provinces of Scania and Uppland. In tho fiold between are marked all 
the samples botanically analysed — all from the province of Östergötland. (Fig 38 
also points to the same eonclusion, that clover acquires a higher glucide content 
whoii g-rown together with grass. The rosult is very uncertain as the mateiial hos 
not been gathorod from this point of view, and comes from differont parts of 

»Sweden). 


5. Mean glucide conteiits of differenl lypes of Swedish hays. 

The results from the investigation of about 500 samples of Swedish 
hays from all parts of Sweden are put together in Tabs. 68 to 74 
(pp. 304-310) and Figs. 43 to 47 (pp. 311-315). Tt must be mentioned 
that the hays which are classified a»s botanically pure may contain 
up to 10% of other botanical materials. In the case of red clover the 
mean content of grass is about 15 %. The samples treated in part 
1 and 2 A of this chapter (pp. 282-286) are, however, botanically 
analysed and pure. 

It must also be mentioned that the hays were harvested in dry 
years, and were stored at a moisture content of only 9%. Perhaps 
we must expect, that after the usual storage for one season of a 
common Swedish hay, there is no sugar left. 
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Fig. 42. Conno(*tion betweon “sugar” after Svanukrg & Ekklttnd (1946) and 

inredose. 


6. Fructose, free or conibined, in hay. 

Sliort references Luve been made to many previoiis (pp. 194-196) 
investi^rations, whicli by different methods have shown tliat many 
grasses and other pasture plants contain considerable amounts of 
fructosan. A little later (pp. 236-239) my own iinsuceessful attempts 
to estimate fructose in bydrolysate are described. These attempts 
are, however, not so completely unsuecessful that no eonelusions 
could be drawn about the fructose content in hay. Even if it is not 
possiblc to estimate fructose in an investigated sample of hay, one 
would be able to deduce a little about the fructose content in hay 
in general after investigations of a plurality of hay samples. 

In Tab. 63-64 (pp. 274, 276 and 287) a series of quotients are seen: 
redosan after 66 h boiling / redomn after 6 h boiling in 0.70 N 
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Table 68. The glucide compoaition oj timothy of mrious ages and 
from various types of soil. 


r 

lYears af ter 


Number 

Mean-% of air-dry'matter (9 % moist.) 

seoding 

Typo of soil 

of 

— 

—-- 

— - ' — 

- - 


samples 

redosan 

furosun 

refiisan 

iuredose 

1 

Fine sand. 

1 

52 

16 

36 

10 


High^moor peat.... 

2 

57 

20 

37 

11 


Low-moor peat .... 

4 

52 

18 

34 

11 


All Boils above 

7 

53 

18 

35 

11 

o 

Clay. 

8 

54 

19 

.15 

12 


Fine sand. 

2 

53 

19 

34 

11 

i 

Coarso sand. 

6 

55 

19 

36 

12 

1 

G-ravel. 

3 

54 

18 

36 

11 

1 

1 

High-moor peat.... 

4 

5.1 

19 

34 

10 

; 

Low-moor peat .... 

2 

52 

20 

32 

12 


AU idoils above 

25 

54 

19 

35 

II 

' 3 

Clay. 

10 

5.1 

20 

33 

12 

1 

Coaréo sand. 

3 

57 

19 

38 

13 


Gravöl. 1 

2 

55 

20 

35 

9 


High-moor peat. . . .! 

3 

i 54 

19 i 

35 

11 


All Roils abovo ! 

18 

54 

20 

L_34__ 

12 

4 

1 : 

Clay. 

4 ! 

52 

i 20 

: 32 1 

12 


i Silt. 

1 

53 

1 19 1 

34 ! 

12 

i 

High-moor peat.... 

3 

52 

18 1 

34 ! 

10 

1 i 

All soils above 

8 1 

52 ; 

19 ' 

_33_i 

11 

1 1 to 4 1 

Mean of all above . 

58 1 

54 j 

19 j 

35 

11 

1 

Maximum.| 

i 

57 ! 

21 

39 

10 j 


Minimum.' 


49 1 

16 

30 

1 

1 

i 

A sample not included abf)vo, with oxtremoly Jow Hiigar coiitent: I 

1 

Low-moor peat .... 

1 1 

49 

17 1 

29 1 

3 


As previously inentioned (pp. 236-239) the moro fructoso tliore is in 
tho totose, the lower these quotients should be. Xylose, however, 
acts in the same direction as fruetose, but to a sbghter degree. The 
high quotient of dried meat and Chenopodium may partly depend 
on a low redosan content, and partly on a high protein contont. 
Protein seems to be more completely hydrolysed and decomposed to 
substanees reducing Pehling’s solution during a prolonged hydro- 
lysis period. 
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Table 69. The glucide eomposition of mixtures of timothy and oiher 

gr as868. 


Years af ter 
seediiig 

Type of Boil 

Number 

of 

samples 

Moan-% of air-dry matter (0 % moist.) 

redosan 

furosan 

rofusan 

inredose 

1 

Clay. 

1 

51 

16 

35 

13 


Fine sand. 

1 

47 

15 

32 

8 


Coarse sand. 

1 

53 

18 

35 

7 


High-moor peat.... 

1 

52 

19 

33 

10 


Low-moor peat .... 

2 

53 

17 

36 

13 


All soils above 

6 

52 

17 

36 

10 

2 

Clay. 

2 

55 

21 

34 

11 


Fine sand. 

1 

53 

19 

34 

13 


Coarse sand. 

1 

52 

16 

36 

15 


High-moor peat.... 

3 

64 

18 

36 

10 


Low-moor peat . . . 

4 

51 

18 

33 

11 


All soils above 


53 

18 

35 


3 

Clay. ' 

2 

52 

19 

33 

12 


! Fino sand. 1 

3 

1 i 

1 1 

36 

8 ! 


High-moor peat.... 

2 

i 55 1 

17 

38 

' . 14 .i 

1 

All soils above 

;_7_J 

[ 54 

18 

36 

11 j 

4 

Silt. 

1 

1 

1 

49 

19 

30 



Fine sand. 

1 

54 ! 

! 19 

35 1 

8 1 


High-moor peat.... 

1 

54 1 

1 18 

36 1 

. 11. j 


All soils a])ove | 

3 

52 : 

19 

33 

8 

1 to 4 

. 

Mcan of all above . j 

1 

27 

53 

18 

35 

10 1 

1 

t i 

Maximum. 


58 

21 

39 

16 i 

i 

Minimum. 

1 

47 

15 

30 

’ i 


Quotients from 101 down to 96% seein to represent quite a normal 
variation around a inean of beiween 98 and 99. The qiiotient 89 
for dried earrots agrees very well witli the previonsly known high 
Ruerose conient in earrots. 

The quotients found for Swedish hay samples seem to show that 
these do not eontain fructoso, free or eoiubined to any appreciable 
amount. The considerahle differenees between the inredose and re¬ 
dose eontents in the hay samples investigated show, however, that 
suerose or easily hydrolysed polyfructosans are sometimes ineluded 
to, at least, about 5%, (;alculated as fruetose. We must, therefore 
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Table 70. The glncide compogition of gragges other than timothy as 
influenced by age and goil. 


Years after 

■ 

Number 

Hean-% of air-dry matter (9 % moist.) 

seeding 

Type of 8oil 

of 

— 

--- 

]' 

- - 



samples 

redosan 

furosan 

refusan 

inredoso 

1 

Clay. 

1 

57 

20 

37 

15 


Coarse sand. 

6 

52 

18 

34 

9 


Gravel. 

1 

58 

21 

37 

12 


High-moor peat.... 

4 

55 

17 

38 

11 


All soils abovo 

12 

54 

18 

36 

10 

2 

Clay. 

2 

55 

19 

36 

11 


Coarso sand. 

3 

54 

19 

35 

8 


Gravel. 

1 

53 

17 

36 

11 


High-moor peat.... 

4 

52 

18 

34 

11 


All soils abo ve 

10 

53 ; 18 

35 

10 

3 j 

1 

Clay. 

3 

rn 

19 

33 

8 


Silt. 

1 i 

50 

15 

35 

11 1 

1 

Coarse sand. 

5 1 

52 

16 

36 : 

17 1 


High-moor peat.... 

3 

55 

19 

36 

10 1 


All soils above 

12 

53 

17 


13 i 

4 

Fino sand.1 

i ; 

' 2 ' 

50 

18 

32 

1 

9 


Coarse sand. i 

4 

53 

18 

35 

13 1 


High-moor peat. . .. | 

6 

55 

18 

37 

13 j 


All soils above | 

12 

53 i 

18 

35 

12 1 

1 to 4 

1 

Mean of all above . 1 

46 

■ 1 

.53 j 

18 

35 

11 


Maximum. 


58 

23 

39 

20 


Minimum. 


45 1 

14 

29 



suppose that non-glucides interfere in the redosan delermination in 
Iiay, giving a iiighor quotient than expected from the glucide com- 
position. These interfering, extraneous substances aro probably 
proteins, or rather products of protein hydrolysis and decomposition. 
But we mast suppose that this disturbing influenco is not so great 
as to conceal a high fructo-glucide content in hay. In Tabs. 63-64 
is given another series of quotients: redosan after treating with 24 N 
H^SOt for 15 h! for 3 h. From these quotients similar conclusions 
can be drawn. 

Much is to be expected from using ion exchangers to removo inter- 
fering substances, as previously mentioned (pp. 187, 268 and 279) and 
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Table 71. The glucide composition of mixture of grass and clover as 
influenced by age and soiL 


Yoars af ter 
seed in g 

Type of soil 

Number 

of 

samples 

1 

1 Mean>% of air«dry matter (9 % nioist.) 

j redosan 

furosan 

refusan 

inredo se 

1 

Clay. 

36 

44 

14 

30 

9 


Silt. 

2 

i 48 

15 

33 

6 


Fine sand. 

4 

i 46 

14 

32 

9 


Coarso sand. 

18 

! 

15 

32 

9 


Gravel. 

2 

1 46 

15 

31 

7 


High-moor peat.... 

4 

1 50 

14 

36 

11 


Low-moor peat .... 

3 

1 46 

14 

32 

10 


AU soila above 

69 

! 46 

14 

32 

9 

2 

Clay. 

18 

' 46 

15 

31 



Silt. 

9 

51 

16 

32 

10 


Fine sand. 

7 

46 

14 

32 

11 


Coarse sand. 

16 

49 

16 

33 

9 


Grav'el. 

3 

> 47 

)(> 

31 

10 


High-moor peat.... 

1 

; 47 

14 

33 

10 


Low-inoor peat .... 

2 

! r>i 

16 

35 

9 


! All soils above 

56 

48 

15 

33 

10 

3 

Clay. 

4 

1 48 

16 

! 32 

II 


Silt. 

5 

51 

18 

33 

9 


Fine sand. 

6 

53 

18 

35 

10 


(^oarso sand. 

7 

49 

18 

31 

10 


1 High-inoor peat.... 

! 1 

47 

15 

1 32 

7 


Low-moor peat .... 

4 

49 

17 

i 32 

> 9 


All soils above 

27 

' 50 

17 1 33 

10 

4 

! Clay. 

' 2 

i 52 

18 

34 

12 

J to 4 

, Mean of all above . 

154 

47 

15 

32 

10 


i Maximum. 


1 55 

21 

37 

1 20 


1 Minimum . 


1 39 

! 

11 

26 

3 


porhapw also the problem of the fruetose conlent in hay could be 
partly solvecl by using ion exchangers oii hay hydrolysate, precipi- 
tated by Ba(()H) 2 . 

To solve t{ie problem of the fructosan content in hay completely, 
I siippose we must use other methods for determining fruetose in 
the presence of other sugars. These methods, however, must be 
controlled on different sugars, foreign substanees and on known 
mixtures with about the same composition as hay hydrolysate. 

20 —4S10H Kungl Lantbrukshögakolam Annahr. Vol. IS 
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Table 72. The glumde eomposition of red olover as influe^iced hy age 
and soil {85% red dover, as a mean). 


Yearo after 

Type of soil 

Number 

of 

samples 

Mean>% of air-dry matter (9 % moist.) 

seeding 

redoaan 

furosan 

refusan 

inredose 

1 

Clay. 

26 

42 

13 

29 

8 

Silt . 

4 

39 

11 

28 

8 


Coarse. 

5 

42 

12 

30 

9 


AU soils above 

35 

42 

13 

29 

8 

2 

Clay sand. 

3 

44 

14 

30 

8 


Silt. 

1 

41 

12 

29 

6 


Both soils above 

4 

43 

13 

30 

8 

3 

Silt. 

1 

45 

13 

32 

8 




1 to 3 

Mean jf all above . 

45 

42 

i 

13 

29 

8 


Ma^iimum. 


48 

15 

33 i 

12 


' Minimum . 


35 

10 

25 i 

6 







A harvesting experirnont 
1 1 Clay. 

in pure t 

5 

•ed clover 

24 

not ineluded above: 

7 17 ! 5 

T-iatOff^* 11/fi. 

31 

8 

23 

7 

TP.a-rlinaf lin.r\’f^nt.ini7 . 


21 

6 

14 

4 

1 





Myrbäck (1940) uses a modification of the Willstatter-Scuitdel 
method in determining aldoses. Accordiiig to Myrbäck tliis metliod 
gives different results for different aldoses (much lower for mamiose 
tiian for glucose) and thus it is necessary to investigate this method 
in more detail before using it in determining fructose by differenee 
in hay hydrolysate. 

We cjan suppose, too, that the yield of redueing power after total 
hydrolysis of frueto-glucides results not only frorn fructose but also 
from deeomposition produets or even from reversion products. 
Probably we must at first seek a method for aldose or ketose estiina- 
tion which is very satisfactory and examine this method with all 
imi)ortant monosaccharides and some extraneous substances. Then 
this method must be controlled on hydrolysates of different glucides 
and extraneous substances. Probably such an investigation will 
take a long time, and until then, the proposed methods may be 
used as estimation methods for glucides in hay, other feeds and 
in foods. 
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Table 73. TJie gludde oomposition of the second Harvest of all botanical 
materials as influenced by age and soil. 


Yoars after 
aeeding 

Typo of soil 

Number 

of 

samples 

Mean-% of air-dry mattor (9 % moist.) 

redosan 

furosan 

refusan 

inredose 

1 

Cl»y. 

3 

37 

11 

26 

2 


Fine sand. 

2 

45 

13 

32 

2 


Both floils abovo 

5 

40 

12 

28 

2 

2 

Clay. 

1 

42 

13 

29 

3 

3 

Clay. 

1 

43 

15 

28 

3 


Silt. 

2 

47 

14 

33 

9 

1 

1 .... -. 

Both 80 ils above 

1 3 1 

45 

14 

1 31 

6 

! 1 

Clay. 

1 1 
1 1 1 

i .50 ! 

19 1 

31 

3 


)) . 

i 1 1 

' 1 

1 39 i 

1 ; 

13 1 

26 

3 

j ' 

< 1 to 4 

1 

' Mean of all above 

)] 1 

; i 

1 42 ; 

14 

28 

4 


1 Maximum. 


1 50 

1 

i 32 

10 

! _ 

* Minimum. 


33 j 

1 

1 23 

! 

1 


Sunitnary and Conclusions, 

{F«)r a list of definitions jind explanations of denominations nsed 
in tliis treatise, see p. 181.) 

Det erinination of redose (redueing sngar) in feeds is of little value 
from a nutritional point of view. Determination of inredose (redueing 
sugar after inversion or hydrolysis strong enough for sucrose and the 
main part of inulin) seems to be of great importance in nutritional 
invcstigations and eontrol of the quality of hay. In laboratory ex¬ 
periments it has been shown, that the losses of dry iiiatter during 
drying and storage, at least in some eases, can be almost completely 
aceounted for as inredose. The sample must not be heated above 
70^0 before determining sugar. 

fStarch has not been found in Swedish hay by qualitativc tests 
with iodine solution. Literature has been cited with opposite results 
from different parts of the world, with the exception of one author 
who has found no stareh in alfalfa tops. 

In order to estunate the total glueide (earbohydrate) content directiy 
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Table 74. A survey of the gludde compositio^is of various botanical 
materials of various ages. 




Mean-% of air-dry matter 


Years 


(9 % moist.) 


Botanical material 

after 

_ 

-— - 

. - 

— 


seeding 

redosan 

furosan 

refusan 

in redose 

All materials. 


38 

12 

26 

5 

Timothy. 

1 

53 

18 

35 

XI 

Tirnothy and other grassos. 


52 

17 

35 

10 

Other grasses than timothy. 


54 

18 

36 

10 

All grasses. 


53 

18 

35 

10 

Grasses and clovor. 


46 

14 

32 

9 

Red elover, c:a 8ö %. 


42 

13 

29 

» 

Second harvest of all materials. . - . 


40 

12 

28 

2 

Timothy. 

2 

54 

19 

35 

H 

Timothy and other grasses. 


53 

18 

35 

11 

Other grasses tlian timothy. 


53 

18 

35 

10 

AU grasses. 


53 

18 

35 

11 

Grasses and elover. 

! 

48 

15 

33 

10 

Red elover, c;a 85 %. 


43 

13 

30 

8 

Second harvest of all materials • • • • 

! 

1 

13 

29 

1_ 

3 

Timothy. 

3 

54 

1 20 

34 

12 

Timothy and other grasses. 


54 j 

1 

36 

H 

Other grasses than timothy. 


53 

17 

36 

13 

All grasses. 


54 

18 

36 

12 ' 

Grasses and elover. 


50 

18 

32 

10 

Red elover, c:a 85 %.1 


45 i 

13 

32 

8 : 

Second harvest of all materials... . | 


45 

i 

14 

i 

31 

7 1 

j 

Timothy.• 

1 

4 

52 1 

19 i 

33 

..: 

Timothy and other grasses. 


62 1 

19 ' 

33 

8 1 

Grasses other than timothy. 


53 ! 

18 i 

35 

12 ; 

AU grasses. 


52 1 

19 

33 

10 1 

Grass and elover. 


52 ; 

18 1 

34 

ii_i 

AU grasses. 

1 

older 1 

50 

1 

17 ! 

33 

10 


in one determination, the usual method for dissolving wood eellulose 
with about 24 2^ H 2 SO 4 and hydrolysing the eellulose by boiling in 
diluted 112804 has been studied. A method is ehosen for determining 
redosan which may be used to estimate carbohydrate (glueide), 
whon not too much fructose is present as free or combined. The re- 
ducing power of fructose is partly spoiled by the treatment and only 
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Fig. 43. Redoaan contont in different of Swedmh hay. Number of samplcs 

of every typo within clasaes of redosaii oontent. (Year denotes years after seeding.) 


about. 50% of the redueing power is left by the metliod proposed. 
Tn such c.ases when fructose (free and combined) is eompletely 
Holiible in 80% alcohol, it is possible to extract the material at first, 
and to hydrolyse the alcohol soluble glucides by a milder method 
than that used in determining redosan. Glucides in the residue 
may be determined by the nsual redosan method and the two re- 
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sults can be added together to make an estimation of the glucide 
content. 

When the alcohol extraet mainly contains monosaccharides and 
sucrose, the inredose method may be chosen for the hydrolysis. In 
hay the direct redosan determination agrees very well with the sum 
of inredose in alcohol extraet and redosan in the residue. The dif- 
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Fig. 45. Kefusan content in different types of Swedish hay. Number of samples 
of every typo within classes of refusan content. 


ference seems to correspond to extraneous substances not ferment- 
able by yeast. 

When the alcohol extract also contains eonsiderable amount« of 
maltose (or lactose) a method may be chosen tbat completely hydro- 
lyses maltose. Unfortunately the proposed method for maltose 
hydrolysis spoils the reducing power of fructose to about 15 to 20%, 
and sucrose to about 10%. The method has been called the malt¬ 
redosan method. 
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Fig. 46. Refusan mimis inredose (estimated }u‘xo8ari) in different types of Swodish 
hay. Nuinber of samples of evcry typo within classos of the coiittuit coiicerned. 


Tn sucli cases, where fruetose (free 4 combined) is not coniplotely 
soluble iri 80% alcobol (inulin and niost of the polyfrnctosans), it is 
possible to extract witb hot wator at first, and determine inredose 
and/or maltredosan in the water extract. In the water extraction 
residues redosan can be determined. The sum of the redosan and 
the highest value of the two obtained from the water extract can 
make an acceptable estimation of totosan content. 

Generally it can be said that by a reasonable combination of the 
methods proposed in this treatise and extraction with water and/or 
alcohol it is i) 0 ssible to estimate totose in feeds and foods, in most 
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Fig. 47. Ijiredoöc oontout in difforent typos of Swodish hay. Nnmber of sainj^loft 
of every type within classes of inrodose content. 


cases better than by the hitherto nsual difference luethod. If notli- 
inj? at all is known about the glueides of a feed or food sainple, dif- 
ferent eoinbinations of methods (^aii be tried and eoiiclusions can 
then bo drawn. 

An attempt has been made to devise a method of estimating the 
fruetose content (free+oombined) in feeds, based on the fact that 
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fructose is much more “humified’’ by concentrated acids than glu- 
cose. This has not succeeded, mainly because xylose and other 
monosaocharides behavo in an intermediate manner, and the re- 
snlts for fructose are not sufficiently reproducible. 

Pento-glucides are estimated by the Kullgeen & Tydén method, 
and heooo-glucides are roughly calculated as the difference between 
redosan and furosan (furfurol-yielding substances as xylosan with 
the same yield). This difference is called refusan. Keal hexosans may 
be even more roughly estimated by the difference between refusan 
and inredose. 

In Fig. 26 (p. 262) the results of the proposed methods when used 
on pure glucide preparations are summarized. 

At last an inveniory on glucides in Swedish hays has been made for 
two dry years. Also some other feeds and a few foods were investi- 
gated. In some cases “complete’’ erude analyses were carried out 
for comparison. 

By simple statistical methods some factors affecting carbohydrate 
content in Swedish hay have been investigated. The main factors 
found in this treatise are the botanical composition, harvesting 
time, harvesting method (and weather) and storage conditions. 
The mean glucide contents of the most common types of Swedish hays 
tn dry years before storage are given in Tab. 74 (p. 310). 

Glucuronic acids and other sugar derivates and less known po- 
lysaccarides ought to bo investigated, but are believed not to be 
of great importance in hay and most of the feeds. Methods pro¬ 
posed here must not be used, without previous investigations, to 
determine glucides in such materials as are known to contain 
much pectin, agar, alginates or similar substances. 
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Errata: 


p. 191f line 7: after mado insert by boiling 

p. 193, Table 9, lootnote, line 3: for the first as read is 

Fig, 5, y-axia: for % deviation read mg deviation 
p. 200, line 0 from bottom: for third read second 
line 4 from bottom: for 4.6 read 3.8 

p. 201, line 12: for As a comparison the hot read A cornparisou with the hot 
p. 205, Table 19: add the following: 

Hot vacuum-dried 

30/6 1940 100.0 — 100.0 100.0 100.0 

13/8 1940 100.0 — 105.0 104.2 — 132.2 (» — 

10/5 1941 99,5 — 105.4 105.0 - — (8 __ 

p, 208, Table 21: after the last fig-ure in the last calurnn add(^ 
under the Table, add the footnotc 
^ If correotod aa in Table 17 the loas becomea about 9.2. 
p. 209, Table 23: the same additions as for Table 21, p. 208 
p. 211, line 8: for 49 read 46 
p. 212, line 3: for not read loosely 
p. 213, line 7: for redoso read inredose 
. p. 219, line 17: for redosan read redose 
Ime 30: add Compare p. 224. 
p. 222, line 15- after add (10 ml) 

p. 226, line 6: after repeated insert three times or 
p. 227, line 2 and 6: for polyinerisation read oaaociation 
line 10: after aldoses insert by ac*id hydrolyais 
p. 230, line 4 and 3 from bottom: for TabJos 1 and 3 rexnl Tables 30 and 32 
p. 231, Table 34, line 2 and 3: for troating boiling glucose or fructoae dif- 
ferent perioda of time with 0.70 N remi treating glii(*oae or fructoae for different 
perioda of time with boilmg 0.70 N 

p. 247, line 13: for 0.70 N read 0.63 N 
p. 250, Table 46, colamn 1: for 21.4 N read 21.6 N 
line 8: for agar read ngar agar 

p. 256, hne 2 from bottom: after repeated insert three times or 
p. 257, Table 52, column 8, both the last figures. 

for 90.2 read 98.2 and for 86.4 remi 94.2 
column 9, both the last figuren 
for 59.8 read 65.1 and for 57.3 read 62.4 
p. 261, line 4: for fructoae read glucose 
p. 263, line 4: for 2.3 read 1.3 
p. 269, line 1: for malic acid read malonic acid 
p. 271, line 2: for xylosan remi xylan 
p. 272, line 10: for 0.537 N read 0.0537 N 
p. 281, line 1: for have been read have not been 
p. 284, line 2 from bottom, for Fig. 36 read Fig. 30 
p. 285, line 2. for Fig. 36 read Fig. 30 

p. 308, Table 72, column 3: for Mean of all above ... 45 read Mean of all 
abovo ... 40 

p. 320, line 4 from bottom: add By reference. 
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Donnan Equilibria in Plant Nutrition. 

1. Effect of Exhani^e Capacity of Clay Minerals on the Uptake 
of Sodium and Calcium by Excised Barley Hoots. 

By M. M. ELGABALY and L. WIKLANDER.^ 

From the Insiitute of PedoJogy. 


The application of the resulta of ion ux)take by plants obtaiiied 
with the aid of the regular solution culture technique to the nutrition 
of plants in soils and clay suspension cultures is met with (‘.ertain 
discrepancies and encounters serious difficulties. The presence of 
colloidal particles in such systems brings in a e.hange in the x>roperties 
of ions. The activities of adsorbed ions are quite differtuit from those 
in solution. Since the activity is an expression of the effective con- 
centration, and since the divergence between the activity and the 
concentration is more pronounced in case of adsorbed ions than in 
the case of Solutions, we must, when dealing with colloida, work 
with activities rather than with concentrations. 

The fact that different clays have varying exchange capacities 
is an indication that they possess micellar Solutions of different 
ionic activities. From the Donnan theory of meinbrane equilibria, 
the conclusion can therefore be drawn that the distribution of he- 
terovalent ions on different materials in equilibrium with the same 
solution depends upon the exchange capacity. Other things being 
equal, the higher the exchange capacity, the higher will be the ratio 
of adsorbed divalent/monovalent ions. Conversely, among materials 
having different exchange capacities and containing adsorbed mono¬ 
and divalent ions in equivalent amounts and similar ratios, the one 
with the higher exchange capacity will relcase its monovalent ions 
relatively more readily and its divalent ions less readily than the 
one with lower capacity. This is an expression of the valenee effect 
in a Donnan system. A detailed discussion of this subject has been 
published in a series of papers by Mattson and co-workers (1939, 

^ The authors are indebted to Professor S. Mattson for valuable discussions 
and suggestions. 
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1945, 1946, 1948). Accordingly, other things being equal, the same 
plant is expected to take up relatively more of the monovalent 
cations and relatively less of the divalent cations, the higher the 
exchange capacity of the material. 

Considering the plant as a colloidal system, its presenee in eontact 
with another coUoidal medium will result in an interaction between 
their two double layers. Naturally ion uptake by plants will depend, 
among other things, on the properties of the two surface layers. 
In studying nutrient absorption by one and the same plant from 
materials having different exchange capacities the difference in 
ion uptake can be attributed mainly to the influence of the medium. 

In the present paper is reported a study on the uptake of Na and 
Oa by (^xcised barley roots from the two clay materials kaolin and 
bent-onite which have different exchange capacities but contain 
those ions in eciuivalent amounts and similar ratios, 

Experimeiital Procedure and Results. 

Barley i)lants were grown for three weeks in a water culture by 
a modified technique developed originally by Hoaglani) and Broyer 
(1936). About 1/8 of the concentration of the regular Hoagland 
solution was used. Ferric tartrate was used as a source of iron. The 
solution was changed once after 12 days from transplanting. The 
plants were aerated during their third week from an oxygen tank. 
After 21 days, the roots were excised. The plants grown according 
to this method are (diaracterised by their low salt content and high 
sugar content in the roots whieli enables them to accumiilate enough 
ions over the short period of the experiment. The excised roots were 
mixed together, washed with distilled water, and slightly centri- 
fuged to get rid of excess water. About 18 gm. of fresh roots were 
plac(*d in each of six clay suspensions prepared in the following 
manner. 

Portions of H-kaoliii and IT-bentonite having a base excliange 
(iapacity of 3.0 in. e. and 90,0 m. e./lOO gm. respectively were titrated 
with NaOll and (hi(OH )2 to give a total of 5.0 m. e. of adsorbed Na 
and Ca in the proportions given in table 1. The suspensions were 
made to a volumc of two liters with distilled w ater in pyrex beakers. 
The roots were placed in the clay suspensions which were continu- 
ously aerated and frequently stirred. After 10 hours the roots were 
taken out of the suspensions, washed free from clay particles with 
distilled water and dried for 24 hours at 105^ C. The dry weight 
was determined and the roots were ashed at about 500"" C. The 
ashes were dissolved in IICl and the siliea was removed. On sej)arate 
aliquots of the filtrates Na was determined as.sodium magnesium 
uranyl acetate after separation of phosphate and Ca as oxalate and 
titrated with permanganate. The results are shown in table 1. 
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Table 1. The uptake of Na and Ca hy excised barley rooU from Na-Ca- 
kaolin and Na^Ca-hentonite av^pensions. 


System 

m. e. on clay 

m. G./IOO gra. 
ovon dried roots 

Ca/Na in roots 

Na 

Ca 

Na 

Ca 

Na-Ca-kaolin. 

0.5 

4.5 

13.69 

9.74 

0.72 

Na-Oa-kaolin. 

2.5 

2.5 

20.60 

9.46 

.46 

Na-Ca-kaolin. 

4.5 

0.5 

25.01 

8.50 

.34 

Na-Ca-bentonite . . . 

0.6 

4.6 

28.39 

12.76 

0.45 

Na-Ca-bentonite . .. 

2.6 

2.6 

29.93? 

11.06 

.37 

Na-Ca-bentonite ... 

4.5 

0.6 

39.46 

6.47 

.24 


The uptake of both Na and Ca from the two clays has to be con- 
sidered from two different points of view. First comparing the abso- 
lute values of Na and Ca taken up by the roots, we find that, at 
equal concentrations and ratios of the two adsorbed ions, plants 
take up more Na and Ca from bentonite than from kaolin as shown 
in figs. 1 and 2. These results are in conformity with those previ- 
ously obtained by one of the authors for homoionic potassium and 
zinc clays and show the effect of the type of clay mineral on the up¬ 
take of ions. As an explanation of this it is stated »that both the 
carbonic acid theory and the soil solution concept of plant nutrition 



Fig. 1. Uptake of Na from Na-Ca-bentonito and Na-Ca-kaolin by excised 

barley roots. 
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Fig. 2. Uptako of Ca from Na-Ca-bentonite and Na-Oa-kaolin by excised 

barley roots. 

cannot explain the results and that some additional factor not yet 
fully evaluated, but associated with the nature of colloidal clay 
must come into play», Elgabaly, Jenny, and Overstreet (1943). 

However, if we compare the relative uptake of the two ions as 
indicated by Ca/Na in roots, we find that relatively more Ca and 



Fig. 3. Relation betweon Ca/Na on kaolin and bentonito and Ca/Na in 

barley roots. 
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less Na is taken up from kaolin than bentonite. This means that 
kaolin holds relatively more finnly to its Na and less firmly to its 
Ca than bentonite. Similar results were obtained by Mattson 
(1948) for K and Ca. Considering the plant-soil system as a Donnan 
system, the distribution of the ions of unequal valence is governed 
by the relative aotivity of the micellar, »inside», Solutions of plant 
and soil. The clay mineral with higher exchange capacity, »higher 
aetivity», will release its monovalent ions relatively more readily 
and its divalent ions less readily than the clay mineral with lower 
exchange capacity. Accordingly, bentonite which has a higher ex- 
ehange capacity will supply the plant relatively better with its Na 
ions, whereas kaolin with a lower capacity will supply the plant 
relatively better with Ca. Although the exa(d quantitative relation-i 
ship betwecn concontration and activity in the colloidal phase of aj 
Donnan system is still unknown, yet the valence effe(*t reveals it- 
self as shown by Ca/Na in roots, fig. 3. The valence effect is pro- 
nounced here because the plant has to coinpete wit h the clay mineral 
for the ions adsorbed. 

It makes no difference what theory or combination of theories 
is responsible for ion uptake by plants in soils and clay suspensions. 
Whetiier we (*nnsider the mechanism of cation uptake as a direct 
cnntaci: excliange betwecn the double layers of the colloidal clay 
and root as ^uggested by Jenny and co-workers (1939) or as an ad- 
sorption from the soil solution as believed by 110A.aLANi) and otlu^rs, 
still the valence effect in relation to the ion activities of soihplant 
Donnan system seems to come into play and to reveal itself in 
the cornposition of the plant. 


Summary. 

The uptake of adsorbed Na and (^a from kaolin and bentonite 
by excised barley roots has been studied. From equal concentrations 
and ratios of the two ions, the roots rcmoved more Ca and Na from 
bentonite than from kaolin. Ilowever, when comparing the relative 
uptake as indicated by Ca/Na in roots, we find that relatively more 
Ca and less Na are removed from kaolin than from bentonite. These 
findihgs (^an be explained on the basis of Donnan theory of mem- 
brane equilibria. 
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II. Effect of Acidoid Content of Plani on the Uptake of So- 
dium and Calcium from Bentonite Suspensions. 
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lon absorption by plants depends upon both the iiroperiie» of 
the medium and the plant species. In a previous paper (Elgabaly 
and WiKLANDER 1949) we studied the effects exercised by the col- 
loidal medium on the relative uptake of Ca and Na by excised barley 
roots. The results obtained seem to indicate that the uptake of 
cations by the same plant species from clay minerals having different 
exchange capacities ijs qualitatively according to the Donnan theory 
of membrane equilibria. The clay with higher exchange capacity 
supplies the plant relatively better with Na whereas the one with 
lower capacity supplies the plants relatively better with Oa. 

It is known that ion uptake by one and the same plant depends, 
among other things, upon the activity of the ions in the medium. 
Further, ion uptake by different plant species from one and the 
same mineral must depend upon the properties of the absorbing 
root. Considering the plant root as a colloidal system, its presence in 
contact with another colloidal system — clay mineral — results in 
a temporary equilibrium status between the plant and the colloidal 
medium in which the interaction between their two double layers 
is of importance. 

The present work deals with a study on the effect of acidoid 
content of plant species on the absorption of Na and Ca from the 
same clay mineral. 

Experimental Methods and Results. 

Barley and pea plants were grown in dilute Hoagland (1936) 
solution as described before (Elgabaly et al. 1949). The barley 
plants were grown for threé weeks, during which the solution was 
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Table 1. Showing the uptaJce of sodium and ealeium from bentonite by 
different plant specAes, 

(Barley and poa roots). 7 gm. of clay in each system. 


System 

m. e. on clay 

ra. e./lOO gm. 
ovon dried roots 

Ca/Na in roots 


Na 

Ca 

Na 

Ca 





Barley roots 


Na-Ca*bentonite .. . 

0.5 

4.5 

28.39 

12.75 

0.45 

Na-Ca-bentonite .. . 

2.5 

2.5 

29.93? 

11.06 

.37 

Na-Ca-bentonito . . . 

4.5 

0.5 

39.45 

9.47 

.24 




Pea roots 


Na-Ca-b(mtonite ... 

0.5 

4.5 1 

5.71 

32.34 

5.66 

Na-(-a-bontonite . . . 

2.5 

2.5 

8.20 

26.69 

3.23 

Na-Ca-bentonite ... 

4.5 

0.5 

12.17 

20.14 

1.71 



Fig. ]. Vptake of Na >>y exrised barloy and j>ea roots from Na-Ca-b€'ntonite 

suspeiisions. 
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Fig. 2. Uptako of Ca by excised barley and pea roots from Na-Ca-bentonito 

susponsions. 


changed onee af ter 12 days, whereas the pea plants were growii for 
two woeks after transplanting, during which lime the solution was 
changed once after 8 days. The plants were aerated during their 
last week of growth from an oxygen tank. 

About 18 gm. of the excised barley roots and 32 gm. of pea roots 
were plaeed in Na-Ca bentonite suspensions (ef. table l) prepared 
as deseribed before. The roots were left in the elay suspensions 
for about 10 hours and treated and analysed as before. 

The results are shown in table 1 and figs. l, 2, and 3. 

From equal concentrations and ratios of Na and Oa adsorbed on 
one and the same clay material, different plant, speeies absorb tlie 
two ions to different extents. It was found that from equal eon- 
centrations, barley roots take up more Na and less (^a, whereas pea 
roots take up more Ca and less Na. These results suggest that the 
two plant speeies must differ in their a(*idoid eontent or in the ac- 
tiviiy of the ions in their mi(*.ellar solution. Mattson et al. (1943, 
1948) have found that different plants differ in their acidoid content. 
They found that the exhange capacity^ of roots from 8-day-old 
pea plants is 71 and that of rye 29.5 m. e. per 100 gm. of air-dried 
matter. The corresponding value of 3-week-old barley roots 


^ Unpubliölied data. 
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Fig. 3. Helntion between Ca/Na on clay and Ca/Na in barley and pea roots. 


amoiiiited to 22.7 m. e. The aeidoid eontent of young imi plants 
is thereforo almost as high as that of bentonite. 

At givoii oiitside concentrations of t ho ions, tlio relative distribu¬ 
tion of mono- and di valeni ions is detennined by the exehange 
capaoity or aeidoid (H)ntent of the ])lant, thus the valenee effeei 
tends to n‘veal itself in the eom])ositiou of the plants (Mattson 
194S). The greater the aeidoul <*ontent of the plant, the greater 
will be th(‘ divalent/nionovalent ratio in the jdant. This explains 
the higher Ca/Na in tlie pea roots aml the lower Ca/Na in the 
harley roots and inay offer a.physieo-ehemieal explanation of the 
liigh (Vi (*onteat in the h»giimes. The results obtained are in 
good qiialitative agn^ement with the law of niass action as ex- 
])ressed in the Douiniii equilibrium. Aeeording to the theories of 
mineral nutrieiit absorption as worked oiit by Lundegårdh (1945)^ 
the protoplasni of the root liairs behaves as an amphoterie eolloid 
and thus absorbs eations aeeording to the Donnan equilibrium. 



M. M. Elgabaly and L. Wiklander 


Summary. 

The uptake of Na and Ca from the same clay material by different 
plant species has been studied. Barley and pea roots have been 
used as well as bentonite suspensions, having the same concentra- 
tions and ratios of adsorbed Na and Ca. The results show a higher 
Ca/Na ratio in the pea roots and a lower ratio in the barley roots. 
The results are explained on the difference in the acidoid content 
of the two plants. The acidoid content, and hence the exchange 
capacity, being higher for peas: these will absorb relatively more 
Ca and relatively less Na ions than barley with a lower capacity. 
These results are in qualitative agreement with those expected ac- 
(^ording to the Donnan thcory of membrane equilibria. 
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Growth, Bleeding and Salt Absorption of Wheat 
Roots as Influenced by Substanees which Interfere 
with Glycolysis and Aerobic Respiration. 

By H. LUNDEOARDH 

From tho Jmtitute of Plant Phyniology. 


1. Introductioii. 

Tht^ doiriiiiatiiijLr pliysiolo^ical processes in tlu^ life of the roots, 
viz. <rrov\fli, salt absorjition and sap movenioiit, art* elosoly r(*lated 
to tlio iut‘tabolisiii. Fl is universally bolieved tliat tliey are all eon- 
n(‘cted with (iit* resjaralion. We know tliat tlie ^Towth eeases at com- 
])let<* exelusion of oxyyeii. We also know that the aetive salt absorp- 
tiou is (‘oupled lo the aerobit'- respiration, biit our knowled^e is here 
niort* detaih*d. Tht* anion (or salt) respiration is not identieal Mith 
the total a<‘robie res])iratioii, only with one jiart of it inhibited by 
eyanitle and azide. In respeet of the aseendiiiK sap streain, n isua- 
lizt*d in tht* blet*diniLi' of detaehed roots, \ve know that it runs fairly 
indept*iideii1Iy of tlie salt aeeuinnlation ])roeess, be(*aust* it (‘ontinues 
in the abs(‘U(‘e of oxy^^en or undt*r the irifluenee of (*yanidt*. lUit 
it is indireetly tie])endent on the sall aeenmnlation, tbe latterfurnisli- 
in^; tht* roots \Nith soint* of the raw material of tln^ sap streain, viz. 
tht* salts. 

It has bt*en eoneluded (IH, 17) that the salt at*eumulation process is 
an up-liill rt*aetion, workin^ apiinst the osnuditnl p’adient, whereas 
the sap movt*inent. (“ bleeding) is a down-hill reaction in respeet 
of the salts. Thest* are nt*ver ^ivt*n off to the sap stream in a lii^her 
concentration t han in tht* rotd c(*lls. But the sap stream also ineans 
an exiidation of water, and this ascendin^ stream can ^»o a^ainst an 
osmotical jjcratlient, i. e. if tJie. root is surrounded by a sohition of an 
osmotit*. vallie hi^rher t han that of the sap but still below the limit of 
the jiower of bleedinp^ (11,13). The osmotic ener^^y is delivered by 
the general osmotic potential of the exudin^ root cells, and this j)o- 
tential is built up by the anion respiration and other aetive processes, 

22 —4iB\0Q Lanthrukshögskolans Annaler. Vol. 16 
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accumulating sugar and other substances, which are capable of re- 
leasing osmotic power in connection with metabolic processes. The 
osmotic power of the ascending sap stream, which is sometimes re- 
flected in a comparatively high hydrostatic pressure, appears as 
the result of the total osmotic and metabolic energy level of the root 
cells participating in the sap movement. 

Even if the sap movement, from the viewpoint of salt accumula- 
tion, appears as a down-hill process it is nevertheless no purely pas¬ 
sive flow of salts and water, the direction of which is outlined by the 
anatomical-physiological structure of the tissue. We know that the 
sap contains a selected collection of the contents of the cell. The 
bleeding sap of the wheat roots is completely devoid of organic siib- 
stances, e. g. sugar, which is abundantly present in well-fed root (*ells. 
Of inorganic salts potassium nitrate domiiiates, but all otiier 
nutrient ions are present in lower or higher coiicfuitratioiis, depend- 
ing upon ttie availability in the tissue. The sap thus ropresenls a 
selected out-flow of inorganic ions and this fact points to tln» exis- 
teiK^e of regulating procCsses and defeats the idea of a passive ndease- 
ment of cell sap. This regulating or »ventile» mechanism acts in- 
dependently of the aerobic respiration. Preliminary exp(*riments on 
the relation between bleeding and temperature show Q,o valu<»s di- 
stinctly higher than those observed in diffusion processes. Tlu‘ sai> 
movement is probably liriked to some anaerobic* metabolic*. proct\ss, 
possibly the zymase ferraeutation earlier observed in roots. To test 
the identity of these processes a number of experiments were per¬ 
formed with inhibitors known to affect the glycolysis, i. e. iodinc* 
acetic acid and fluoride. 

Another question of importaiice is the» relation between salt ab- 
sorption and growth. Also here current opinions are loosc^ly foiinded. 
It is often assumed that active absorption of salts is causally coiinec*- 
ted with active growth of the protoplasm. But. ex])erienc(' ])oints 
in the direction of numerous quantitative gradations of th(‘. i)ower of 
aceumulation. Tt is true that the growiug root tij) a(*(*iimulates salts, 
but active salt aceumulation is also observed in the c.ortex u}) to 100 
mm. from the tip wiiere neither the cell wall nor the protoplasm are 
growing. Outgrown cells of algae aeeumulati^ salts t; 00 . This is pro¬ 
bably also the case mth storage tissue, but it is niore diffi(*ult to 
distinguish between dormant and regenerating cells in such objecd.s, 
Tn the roots we have at least the possibility to test au eveiitiial 
linkage between salt aceumulation and bleeding on tlie onc^. hand and 
the extension grow^th (»Streckungswachstum») on the other. The 
growth reaetions can be exactly followed under the microseope and 
it is possible to trace the immediate influence of a- substaiiee on the 
extension, because the surface layer of the root regiilates the total 
extension of the tissue (10, 18). More difficult is of course the ob¬ 
servation of the growth of the protoplasm itself, because it ean (*.on- 
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tinue at sudden inhibition of the extension of tbe cell walls. But 
a number of earlier observations (10,13) do not support the hypothe- 
sis of a causal linkage between the synthesis of proteins and the pro¬ 
cess of active salt accumulation. Furthermore, recent observations 
on the growth at low concentration of oxygen (7) show that extension 
growth and growth of the ineristem cells in the first stage of enlarge- 
ment are both affected to the same degree. Thus synthesis of new 
protoplasm and growth of the cell wall seem to be coordinated. 

In all experiments with substances affecting one or more of the 
fundamental physiologic-al processes of the roots the absorption 
problem should not be overlooked. In the case of the immediate 
effect on the growth the inhibiting or aceelerating factor acts on 
the surface and may not traverse the epidermis layer. The permeabi- 
lity factor is negligible in this case or it is at least not dominant. 
But Ihe growth diiring longer periods is also dei>endent on the reae- 
tion of the ineristem and the whole internal tissue. Here the veloeity 
of th(^ absorption regn lates the effect.. As most of the enzyme in- 
liibit ors are weak aeids i he degree of dissoeiation must be taken into 
consideration, because the absorption of molecules and of anions 
])ro(‘eed along different- paths. Also in respect of the sap move- 
ment the <piantity of inhibitor acdually penetrating the surface 
layer is imperative, 

The exp(^rimental methods used are tlie same as in previous re- 
searclK^s on growth, bleeding and ion absorption. The growth was 
measured by means of a photographic registoring device originally 
constructed for the stiidy of root hairs (11). A scedling is placed in a 
narrow troiigh biiilt from a 5 mm. rubber plat.e fastened on a micro- 
K(*o])e glass. TIk; seed is jdaced on one side of the plate and the 
main root in a 3 mm. widt» slit cut in the rubber plate. On the oppo- 
site side the slit is widened to an open chamber, c. 10 x lo mm. The 
root tip emerges in this chamber and is support(‘d by a perspex 
plate. Th(‘. chamber is covered by’^ a tliin glass. The solution is let 
in from one side and leaves the (*hamber on the op 3 )osite side through 
a narrow glass tube which is beiit slightly downwards and fimctions 
as a. siphon. The veloeity of the flow was usually one drop in two 
seconds but more ra])id on changing the solution. The rapi<l (diange 
of Solutions was ])erformed by means of a devi(‘.e with two fuiinels 
and a cock with three tubes. A complete change of the solution 
surroundiug the root- t akes only a few seconds. 

The trough with the seedling is placed on the table of a large micro- 
scope and the root tip ])hotographed on a cinema film (32 mm.) a 
magnification of c. 50 x beingused. The film camera was constructed 
and biiilt in the Institute of Plant Physiology. All movements are 
(*ontrolled by an electrical elockwork and exposures automatically 
made at intervals of 10 seconds to 4 minutes. Usually an iiiterval 
of 4 minutes is most suitable for registering the growth of the root 
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tip. The object is illumiaated and photographed in red light. The 
complete apparatus is enclosed in a perspex cage, thermostatically 
held at 20° C. 

With a suitable exposure time (usually 1/6 second) the anatomy of 
the root tip is sufficiently well reproduced. For the measurements 
usually the boundary between the root cap and the meristem is 
chosen as an index (visible as a faint white line on tlie film). The con- 
struction of the recipient (trough) helds the seedling in a fixed po¬ 
sition. The elongation of the root tip can thereforc be measured as 
the distance from the tip meristem to the edge of the image. Control 
experiments have shown that variations of the osmotic value of the 
test Solutions do not influence the results. The measurements were 
made by means of a eamcra lucida of special design projecting the 
records on a scrocn. The total magnification is 300 times, 1 milli¬ 
meter on the screen representing a growth of 3.33 (ji. 

For bleeding experiments single roots vere used. Th(‘8e were eut 
off from .seedlings cultiA'ated in photo-thermostats in special glass 
vessels and nutrient Solutions (11). The roots had a lengih of 00— 
80 mni. The e.ut end was introdueed into the slightly videned lower 
end of a eapillary tube (0.4 mm). Jso 8])e(!ial tight('ning is required. 
The bleeding begins at once and proeeeds at a^ remarkably eonsiant 
speed for at' least Iwo hours, if disi illed -vvat*'!' is used as medium. 
The absolute quautities are 0.01 to 0.1 mm.® per mimite. lu t lie 1 ables 
the bleeding in distilled water is put at 100. The imalium is enelost*d 
in a small recijuent (c. 25 cc.). The recipient is sus])ended in a larger 
beaker glass (500 cc.) with distilled water held at eonstant tem])era- 
ture by means of a special thermostat arraugcanent. Tlu' eapillary 
tuben are. observed through a measuring mieroseopc' at 20 tim(‘s 
magn'lieation. The Solutions in the small recipient can h(‘ ehanged 
rapidly without disturbing the contiuuous measurements of the rising 
sap column. Usually two tubes were observed simultaneonsly. 

The absorption of anions, mostly ehloride, was debainined on 
detached roots (80—100 mm.) of 15 seedlings and ex])ressed as a 
mol. per 10 mg. dry weight and hour (in Ihe lables relativ»* vahies w(*re 
used). The plauts were held in distilled water 3—4 days before the 
experiment in order to obtain »law-salt roots». Chloride was deter- 
mine,d electrometrically, eith(*r in the stduiion (as loss in concenlra- 
tion) or in the root material after boiling in distilled water. The 
experiments were i)erformed in open test tubes of 10 or 25 cc. volume, 
the tubes being slowly rotated on an axis standing at c. 45° to the 
horizon. In other experiments 50 <ie. fläsks with ground glass jilugs 
were used. In these experiments, which are to be published else- 
where, the oxygen consumption was also measured. 
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11. Kxperimental Results. 

1. lodine acetic acid (CHgJCOOH). 

As special inhibitors of the ^^lycolysis iodine acetic acid (JAA) 
and fluoride were tested. 

JAA is a comi)aratively strong acid (pK = c. 3) and the pH of 
diluted Solutions (10 to 10“^) amounts to 4.0 to 3.2. Previous in- 
vestipitions ha ve shown (18) that the immediate growth response on 
acid Solutions (H-ions) is a stimulation up to 240 % (growth in distilled 
water ^ 100). This rapid growth reaponse starting immediately 
aftcr the (*hange of the solution is exj)lained by the fact that l:o 
the surt*a(*e layer of the rooi Controls th(‘> elongation growth, 2:o 
tlie horrnonal activity of the native auxin in this zone is due to the 
anions of tbe grow th substan(*.e, and 3:o the contact with an acid 
solution lowers the dissociation of the auxin (pK — 4.75—5.0) in 
the surfa(*e. Owing to the well-known fact that tlie auxin in tlie roots 
acts beliind the optiniuin an appreciable decrease of the active auxin 
anion (*on('(‘utratiou increases the growth. 

This ac(*eleration of the cxtension growih is the primarg reavtion 
of the root to ang acid solution ATvm\nwiiye of its cliemi(‘al(iiialities (18). 
Ponsequcntly a 10'^ ni. solution of JAA (pH 3.2) dcvelops a sud- 
d(‘U inerease of the growTh uj) to 151—172 % (s(»e fig. 1). This priniary 
(‘ffeet lasts 15—20 ininutes. After that liirie a rapid retardation sets 
in, ending after 2 hours wdth the death of the roots. Acid JAA rapidly 
}>enetrates the siirface and after 15 Tuinutes the concentratiori in the 
interiör of the root lias aniounted to a value stirpassirig the threshold 
of ni(*tabolic r<‘spons(*. JAA is assunied to inhibit the triosephosphoric 
deh\ drog(‘nase. 

If the dAA solution is neutralized with XaOH (pH — c. 6) the ])ri» 
mary stimulation, due to the H-ions, of course fails to appear. The 
first 4 niinutt*s aft(T the <*hange from distilled water to JAA of pil 
0 the growth ])ro(*eed8 at a])proximat.ely the same speed as in a 
diluted solution of IS^aPl. After this short initial period a strong re¬ 
tardation sets in (fig. 1). Xeutralized JAA is less poisonous than the 
acid solution; the roots are still living after tlie end of the experi¬ 
ments, but changes of the strueture and configiiration of the proto- 
plasm bear witness to (»ertaiii deleterious offeets. 

For comparison the effeet of hydrochloric. acid Solutions of a similar 
pH to the JAA Solutions is also show n in fig. 1. The effeet of JAA 
obviously dcvelops more rapidly than the effeet of HCl but does not 
attaiii the same optimum. Postulating that the effeet of JAA com- 
prises a summation of an H-ion effeet and a more specific influenee 
on the growTh we can ealculate the latter by subtraeting the H-ion 
eurve from the observed JAAcurve at pH 3.2. This ealculation gives 
the dotted curve in fig. 2. This enrve is almost identical with the ob- 
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Fig. 1. F’ig. 2. 

Fig. 1. Artion of 0.001 in. iodine acetate on tho growth al v'aryine: pH. Growtli 
roaponse on diluted HCl, pH 3.4 (dtitted). 

Fig. 2. Rosolution of the growth rosponao on iodine acetate, pH 3.2 (a), in two 
components b (H-ion effect) and d (JAA-effoet). Ciirvo c la calculated as b a. 

served JAAcurve at pll 6,0. The eonclusion is justified tliat the 
specific aetion of JAA is fairly independent of pH and dissociatioii. 
Tliis observation tallies with the assuniption that the inhibitin^ qiia- 
lities of JAA are carried by the iodine atom in the moleeule. Mole- 
ciiles and ions will have about the same access to the surface layer 
in whicli the rapid growth reaction is located. 

Indol acetio acid applied as solution from the outside behaves 
quite differently in respect of the dissociation (18). Here only the 
anions are active. Practically nothing is known about the bioehe- 
mistry of auxin action, but the coenzymatic behaviour of the honnone 
postulates an anionic State. 
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Table 1. Bleeding in Solutions of CE^COOH {+NaOH)» 
Relaiive values. 


Conc. JA A. 

0.0001 

m. 


0.001 m. 


0.004 m. 

pH. 

40 

3.2 

4.4 

6.0 

7.4 

3.4 

4.6 

Control^ . 

100 

100 

100 

100 

100 ! 100 

100 

After 10 min. 

95 

94 

100 

100 

81 

112 

62 

.) . 30 » . 

102 

21 

67 

103 

97 

18 

22 

» 00 » . 

74 

_ 

30 

110 

108 i 0 

0 

DiBsociatiuii %.' 

92 

64 1 

96 

99.9 

100 

- 

6» 

97 

Conc. of uiidisB. JAA o. 

10 » 

0.3- 10®j 

0.4- 10'* 

10- 

10’ 

1.2 * 10 “ 

1.2- 10- 


* In distilled water. 


T t is a common opinion that weak acids permeato primarily as 
inolociilos and that their absorption is promoted by sinkin^ pH 
valiKSS. It is diffieult to measnn^ the small quantities of JA A enterin^ 
t lie roots from very dilnted Solutions. Bnt indirectly the effeet on 
the bleeding phenomenon indicatcs the absorption in the internal 
tissues, because the bleeding is a mass phenomenon or a summation 
(‘ffe(‘t of eortex and stele (17), whereas the behaviour of the epidermis 
layer eontribiites very little to the ase(mding sap stream. 

Tabie 1 shows how tln^ bleeding reaets on a ehange from distilled 
water to Solutions of JAA of varying pH (mixtures of JAA and 
NaOH). Tlie roots w(*re still living after the end of the first lioiir, but 
they were S(*\'er<^Iy injured in 0.004 m., espeeially in the surfaee layer. 

The experiments elearly demonstrate an infliieiiee of the eoneen- 
tration of the iiihibitor. At approximately the same pTl (4.0—4.5) 
and dissoeiation (92—97 %) 0.0001 m. JA A exerts no effeet duriiig 
t In* first 30 minutes. After 00 minutes a slight retardation sets in. 
0.001 m. develops a strong inhibit ion after 30 minut es, and in 0.004 m. 
the reaetion ajipears already in 10 minut es. At the same molarity 
(0.001 lu.) a pil of 3.2 euts down the bleeding to 21 % in 30 minutes, 
pH 4.4 aets eonsiderably more weakly, and pli 0.0—7.4 even oauses 
a slight stijuulation begiiining after 00 minutes (see also fig. 3). 

If the bleeding values of table 1 are plotted in a diagram (s^'^' 
fig. 4) an interse<dion of the eurves ooeurs at e. pH 6. Below jiH 0 
the inhibition of the bleeding inereases with the time, above pH 0 
the time effeet is reversed but miieli less pronouneed. Obviously the 
response of the root eells to JAA depends to some extent on the re- 
sponse to x)H alone. We know that the normal pH of wheat roots 
amounts to e. 0.2 (3). A meehanism involving the formation or 
disappearanee of malie acid operates as a metabolie biiffer system 
(3, 27). The shifting over of the direetion of these proeesses at pH 
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Fitr. 3. BU‘ocling in 0.(K)1 rn. iodino acotatc* at two pHvalufvs. 

Fig. 4. Time couive of the bUjeding in 0.001 in. iodiiie a('etat-e at \ arying pH, as 
compared with tho coiieeutratioii of vindiasoeialed molecules (dutted curve). 


6 probably depeiids upon tlie differeiit. pll curves of tvvo onzymo 
systems operating in opposite direetions and oonst i tuting a »steady 
State». Tliese systems possibly bave a. different sensitivi ty lo JA A, 
a>n assiiiuptiou whieh would explaiii the (*urve systems in fig. 4. Tlui 
effeet of pH alone (diUited Solutions of H(1 or ^'aOlT) is sIionmi in 
fig. o. It is less prominent tlian the effeet of JAA at different })ll 
but we must (‘onelude that the responsc to the iuhibitor is to sonu* 
extent combined with a pure plT effeet. 

As lo the question of rnoleeule or ion permeabilily the r(‘sults in 
table 1 (0.001 m. JAA) speak in favour of the opinion that JAA is 
primarily taken up as molecules (see the dissoeiation values at th<^ 
bottom of table 1). Nevertheless the faet must be taken inlo eon- 
sideration that the absorption of anions is favoured a t low ])II 
values, because these cause a loweriiig of the negative surfa(‘<* po¬ 
tential of the roots (10), whereas moleeules are not influeneed t)y the 
surface potentials. In Solutions of pure adds (no metallie eations 
present) wheat roots sliow a surfaee potential of e. — 150 mv. at 
pH 6—7, 50—60 mv. at pH 4 and 0 inv. at pH e. 3. Thefirst stage of 
ion absorption is an exehange proeess in the surfaee of the cell or 
tissue. High negative potentials retard, low potentials promote tlui 
exehange of anions. In respect of eations the effeets are reversed. 
According to the experienee of the author^s laboratory these thermo- 
dynamical conditions are much less influential in the case of anions than 
in respect of the absorption of eations, because the uptake of anions 
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Table 2. Bleeding in JAA -h ayanide ( +HCl). Relative values. 


„ f CHjJCOOH. 

l KCN . 

. 1 0.0001 m. 

. ' O.OOOJ m. 

1 

j 

0.0005 

0.0005 

m. 

m. 

pH. 

.1 4.2 

3.2 

1 

j 

4.2 

Control . 

. 100 

100 


100 

Af ter 10 min. 

. 07 

84 

1 

1 

0 

» 30 » . 

. 83 

62 

i 

! 

0 

60 » . 

. 41 

0 

i 

1 -. 

O 

Dissociation of .7 A A % . 

. «5 

64 

1 

95 


in the coll is ro^rulated by tho rospiraiion. If now tho oifect of JAA 
is devolopod also undor eonditions which inhibit th(* anion rosynra- 
tion, e. ill tlie prc^senoo of cyanidt*, wo mnst concliide that tho of- 
foct ia duo to tlu» ])ormoation of JAA infJooiilos. Tablo 2 presonts tho 
roaulls of oxporimonts with a ooiubiuation of JAA and KON" ( i HCl 
for y>H ro<i:ulation). 

Tablo 2 ooiuparod ivith tablo 1 shows cU*ar]> that tlio inhibitinj^ 
off(M*t of JA A is ovon moro yironoimood if cyanicb» is present in tho 
solutiou. (-yauidt* alono doos not retard tho bleeding in these low' 
ooncontrations. On tho oontrary a slii^ht stimulation ooours durin^^ 
tlio first- liour (soe bolow). In 0.0005 JAA plus cyanido tho roots diod 
af tor ouo liour at pIT 3.2 and woro sovor(‘ly injured at ])Il 1.2. Our 
ooii('lusi(»n is a statoiuent of the faot that JAA entors tho root tisaue 
proforably as moloeules, not as anions. Tlio ineroaso of tho inhibitiu^ 
effo('t on tho bleodin^r wdth sinkin^ pH (tablo l) is oonsequontly din^ 
to a docToaso of the dissociation. 



Fig. 5. Tht) influeiiee of H-ions (Solutions of HCl and XaOH) on tho bleeding. 
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At pH 6—7.4 the concentration of undissociated JAA amountB 
to 10“* to 10~’ m. only. The very small quantities which under these 
circumstances penetrate the root tissue have a weak stimulative 
effect. This effect st^eins to be restricted to the enzyine systems 
operating preferably on the alkaline side of the steady State (see 
above and fig. 4). From 10 ® m. undissociated JAA onwards the in- 
hibition increases with the concentration of molecules in the medium. 
As stated aboye the immediate effect of JA A on the growth is in- 
dependent of the dissociation because it occurs in the surface to which 
both molecules and ions of the medium have ready access. 

Conceming the influence of JAA on the ahsorption of inorganic anions 
{Cl or from the medium it was shown that the ahsorption is 
almost completely inhibited by 0.0002—0.001 m. JAA at pH 3.2— 
4.0 whereas no inhibition was observed at pH 7. The anion respir- 
ation thiis behaves similarly to the bleeding but oppositely to the 
growth which was severely affected also at higher pH values. This 
observation supports the aiithor’8 previous conclusion (13) that the 
anion respiration mechanism works in the whole living root tissue, not 
only in the surface layer. The results also illustrate the fact tliat 
active ion absorjdiou proceeds index)endently of the growth. 


2 . Sodium Iluoride. 

As in the case oC JA A the inhibiting effect of NaF on the bleeding 
increases with sinking pH (table 3 and fig. 0). 

The combination of 0.01 m. NaF with cyanide (pH 9—10) had quite 
the same effect as fluoride alone (retardation of tlu^ bleeding to 78 Vo 
after iO minutes and to 30 % after 60 miniites). Also in the case of 
fluoride Ihe ahsorption is largely d(*pendent on the concentration of 
undisso(*iated molecules, but the fact that a (‘.ertairi inhibition is ob¬ 
served even at pH 7.1 and a concentration of undissociated in(»leciiles 


Table 3. Bleeding in Solutions of NnF (-f- BCl). 


Conc. of NaF. 

1 

' 0.005 ni. 


0.01 in. 


pH. 

i' 7.1 

4.8 

.5.4 i 

7.1 

Control. 

100 

100 

100 ' 

100 

After 10 min. 

i 62 

.31 

69 

75 

» 30 » . 

' 57 

28 

.50 1 

69 

» 60 » . 

j 

— 

40 ! 

57 

Dissociation %. 

100 ! 

__ j 

97.9 

99.5 i 

99.9 

Approxim. conc. of undiss. NaF ., 

10* j 

2.10* 

0.5 • 10’* j 

lO'* 
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Fig. f). Bloodmg in 0.01 m. NaF at varying j)H. The concentration of undissociatecl 
moleoulcs is showii by tho dotted line. 


of only 10 ® in. c.onvoys the iinprossion that u liinited nplake of fluo- 
rido ious o(*(Tirs. Tliin assumption is consistent with the behaviour of 
the olher halides. 

Tho inhibiting: offoet of NaF on the bleedinf? is ])raotieally eomple- 
tely duo to the fluorine. A small effeet is traeed from the osmotii* 
vallie of 0.01 111 . (ef. l‘i). Experiments with 0.01 rn. Na(^l showed a- 
sli^ht d(‘pre8siori of the bleediiifr aft(*r 00 miniites. The IT-ions show 
no speeial effeet in eombinatioii with NaFl. After addition of ITFl 
to pH 3.8 the bleedin^^ att ained 97 % after 80 niinutes. 

Fhioride inlubits a nuniber of enzyme sysbnns biit enolase is 
probably one of the most sensitive, liiliibiting effeets may be eansed 
by tlu‘ ])reei])itation of ealeium vvhiidi serves as a »eenient» between 
eoenz\me and apoenzymt* in several eatalysators. The inhibition 
of Mg-enolase is ascTibed to the formation of a magiiesium-fluoro- 
])hosphate. Flnoride behav<‘s partly in an opposite manner to eyanide 
in its effeet on the roots. It inhibits the bleeding:: to a hi^rher de^ree 
than the anion absor])tion, whereas eyanide is far more poisonous 
to thi*. anion respiration. A eoiieentration of 0.01 m. NaF of pH 7.0 
retards the bleeding (fi^. 0) but only sliglitly deereases the absorption 
of ehloride (S(*e table i and fi;^. 7). 

The time eourse of the (8 absoriition (fij>:. 8) reveals a slight retard- 
ation durin^j the first 30 niinutes. After that- the absorption proeetnls 
with tlie sajne velocity as in the Controls without NaF. 

Only in acid Solutions of NaF is a- distinct retardation of the 
absorption meehanism developed (see table 5 and fi^. 7). The effeet 
of NaF on the absorption of anions is similar to that of JA A. 0.001 m. 
JAA was ineffeetive at pH 7 but at pH 4.0 an almost total inhibi¬ 
tion was developed in 0.0002 m. In the ease of NaF a neutral 0.001 m. 
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Table 4. Absorption of chloride from OMOl m, K Cl in th^ presence- 
of different coneentrations of NaF (neutral solution; pH 7\, Bela- 
tive values, (Control == 0.48 pmol. Cl per 10 mg. åry weiglit 1 hour). 
Time of experiment 2 hours. 


Control without fluorido . 

! -f 0.001 m NaF. 

i 

+ 0.003 m NaF. ! 

4 0.01 m NaF. | 

100 

1 99 

80.5 1 

71 


solution liad only a slight retardinf? effect on the start pliase of tlio 
anion absorj)tion and even in neutral 0.01 in. ISIaF the total retard- 
ation in 2 hours stopped at 71 % (table 4). At pH 3.2 0.001 ni. NaF 
completely checks the absorption of chloride. Even if soine transi:>()rt 
as fluoride ions inay oc(*ur the absorption must be very low in neu¬ 
tral N[iF Solutions. The absorbed quantlticKS are insufficient a])preei- 
ably to inhibit the cytochrome-cytochromeoxidase system eontrollin^^ 
the anion respiratioii (15) but they nevertheless stron^rly aff(‘(*t th(‘- 
blceding mechaiiism. This result supports llie idea that earli(T 
stares of the j^lycolysis control the sap mov(‘ment in tlu^ roots. 
Fluorhb* is far less poisoiious to the protoplasm tlian JAA and malo- 
ni(^ acid (sec below). The roots reniain tur^rescent and 1h(‘ c(*lls re- 
tain their normal microscopic appearance aft(‘r long treatnu‘nl wilh 
0.01 m. NaF. 

In contnist to the comparatively weak effect of neutral fluoride on 
the absorption of anions the extension growth is rai)idly r<‘tar<led by 



Fig. 7. Absorption of chloride (from 0.001 m. KCl) in presenoe of 0.01 rn. NaF at 
varying pH. Dotted curvo = concentration of undissociated fluoride. 
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Fig. W. 'PiiiK' fouisn of tlit' CM absorption from n». K(’'l and b.OOl in. KCl f 

b.Obl m. XaF at pH 7 und and d.OPl m. Kf‘l * 0.CK>01 m. KCX. Tho(’l absor])- 
tion iM coinplotely chorked in tlio la^t Iw»/ Koliitions. 


iKMilral sohiticniH ol* NaF (s<m‘ fig. 9). In 0.(KK)1 in. NaF llie jirowtli 
(l(*pr(‘aH(‘s 95 % (ajraiiist 1(M> in disHIIt^d wat(^r) aft(*r 10 ininutc*s 

hiit risas aiiain to normal s|)(mmI aftar oiu*. Jioiir. Tn 0.001 and 0.01 iii. 
t ha ralardation lasts lomr^^r. AVa lia\(‘ aharaalarizcal llu* ra]>id jirowtli 
rasponsa as a surfaaa aff(*('l. As a nautral solution of fUiorida doas not, 
ahanaa t ha dissoaiat ion of tlia aiixiii in tha root surfaaa its affaat must 
b(‘ assoaial(‘d Acitli somc* sta^rss of ^^lyaolysis involvad in tha formation 
of ^^all substaiiaa. Tliasa proaass(‘s ara not diraatly linkad to tha ay- 
\ oahrom(*-(\\ loahromaoxidasa systc‘m. 


Tabla 5. Absorption of chloride and nitratc in ihe prvsenoe of NaF 
at rarpimj pll ( \ NaOlI or HCl). Timv of vxjarimvnt 2—3 honrs. 
0.001 K('l or 0.00o KNO^ plus 0.01 m. NaF. Fclatire valuvs. 


Fontrol wiiliout fluondo — 100... 

. pH 10.0 ' 

pH 7.0 

pH 4.0 

pH :{:i 

CM . 


08 


l.M 

NOa . 

i 

97 

3y 

i 

Forn*. of iirniiss. NaF. 

• 1 10' 1 

10 • 

1.2- 10’ 

; 4.1 • 10 = 







352 H. Lundegårdh 

3. Malonic acid and fumaric acid. 

As a specific inhibitor of suecinie acid dehydrogenase malonic acid 
has aronsed a wide-spread interest. Maciilfs (20) veiiturod the con- 
clusion that it participates in the respiration of barley roots. But 
he did not test the reversal of the inhibition by fumaric acid. This- 
reversal is the only real test, because malonic acid is fairly poisonous 
to the protoplasm (soe below) and an inhibition of a mimber of pro- 
cesses can appear as a consequence of several non-8i)ecific poisons, 
or anaesthetics, According to Bon ner (2) malonic acid checks the utili- 
zation of added pyruvic acid and causes an accumulation of succinic 
acid in the tissue of Avena coleoptiles. No such observations have 
been made on roots. 

The first dissociation constant of malonic acid eorresponding to 
pKi 2.8, the second to pKg =- 5.68 a considerable part of it is 
present as molecules at pH valiies around 3 and it is nr)t completely 
ionized at pH 4.1 (table 6, 7). Lundegårdh and Burström doter- 
mined the absorption of malonic acid from dihited Solutions (table (>). 
The absorption proceeded in line with the conoentration, but the 
results do not indicate whether perimnihility of molecules or anion 
respiration is involved. »Judging from our result s with JA A and NaF 
it is feasible to })resume an ux>take xneferably as moh‘cules. Experi- 


Table 6. Absorption of malonic nciå in wheat roots (from. Lunde- 
GÅRDH and Burström J944). 


1 Cove. of malonic acid .... 


0.0001 in. 

0.000:1 TO 

; 0.001 rn. 

pH . 


4.1 

3.0 

3.2 

; Undissociatod acid. 


5.10" t 

5- 10 " 

2 . 9 - 10 ^ 

I Absorption (rel.). 



15 

' 55 


Table 7. Bleeding in Solutions of malonic acid ( ^ AaOff). Eclativc 
values; bleeding in distillcd water = 100, 


Conc. of malonate. 

0.001 ni. 


0.005 m. 


pH. 

c. 2.9 

. . 

0. 2.6 

c. 3.0 

4.2 

r. 7.0 

Control. 

100 

100 

100 

100 

100 

After 10 min. 

100 1 

77 

72 

78 

94 

» 30 » . 

1 117 

57 

61 

76 

97 

» 60 )> . 

126 

44 

53 

— 

102 

(:onc. of undiss. acid c. 

4.4- lO * 

3 • 10 ® 

1.2- 10" 

2- 10 ‘ 

3- 10^ 
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1^ ip. !). (Irowth as influon<*od by neutral BolutionB of NaF. 

ineiits wit h funiaric acid (19 p. 58) showtMl a deerease of the absorp- 
tioji from 100 to 44 rclatively whon jiH was raised from 3.2 to 7.0. 
(^ertain conclusions as to the penetration of mole<^ules ean be indi- 
reetly drawn from tfie bleeding experiments reeorded in table 7. 

0.005 m. inaloniit<* of pH 7 has no effeet oii the bleeding. x\t- pll 
2.9 0.001 m. (*aases a sli^dit stiimilation. As Solutions with 1101 
at th(‘ same pH indm^e a sli^ht retardation 'v\e here obviously ineet 
a s|)ecial (dbnd of maloiiie aeid. Tlie primary retardation eaused by 
pH aloiu* is observed as a ra]>idly passin^ dejiression du^ill^? the first 
minn t es in 0.001 m. malonie aeid of pH 2.9. The stimulatin^? effeet 
disap])ears after 120 miiiutes. 



Fig. 10. Bieoding in tho presenco of 0.005 m. malonato at varying pH. Dottod 
ciirve = concontration of imdissociatad aeid. 
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Table 8. Absorption of chloride from 0.001 m, K Cl in the preaence 
of acetic acid (+ NaOH) at varying pH. Control — 0.46 jbimol. Cl 
per mg. dry weight 1 hour. 


Cone. of Ae . 

0.05 m. 

0.017 m. 

0.0017 m. 

0.017 in. 

- 

Control 

pH . 

2.95 

3.2 

_ 3-7 1 

6.0 

— 

1 Cl absorb. (rcl.). 

0.00 

t 

24.6 

74.4 

:i8.o 

100.0 

1 Undiss. Ac. 

5 - 10* 

1.6 • 10 ® 

1.5- 10 ® i 

]() ® 

__ 


A t higlier coii(‘.entrations (0.005 m.) and lower j)!! (2.6—3.0) 
nialonate always retards the bleeding. This iiihibiting effect is ob- 
viously related to the quantity of undissoeiated acid (see fig. .10) 
but it is comparatiTcly less x)rominent Ihaii in JAA and far mort‘- 
insignificaint t han in NaF. On the other hand inalonic acid is far 
more poisoiions to the ])rotoplasm. Jn 0.005 ni. of ])1I 3.0 the (ronfi- 
gnration of the {)rotoi)lasni is scA^erely disturb(‘d. At ])H 2.6 the rools 
die after 120 ininutes, but tl)is result. is cbiefly due ti) tlu*. H-ions. It 
was pri‘viou8ly emphasized that an iinspccified poisonous actioii is 
no proof of an inierfer(‘nc(‘ with special enzyines. Of coiichisive valu(‘ 
is only the reversal of the iiihibitory effect of nialoiiic a(*id by funiaric 
acid. Theso (*x[)eriiuen(s were perfornied with ion absorption as in- 
dicator. 

In pursniiijL»' this problem it seemed iin])or1an1 to conipare t]i(‘ in- 
fluence of still another or<ianic acid. For this pnrposc acetic acid was 
clioscii. Table S reproduces the inflneii(*e of acidic acid on the ab¬ 
sorption of chloride from J\(1. A comparati\ely stron.!»' iiihibitory 
effe(‘t is dcTclojicd, increasinji' witli t In» (*onc(*ntration. A 0.017 m. 
soliition is more active at ])H 3.2 than at ])Il t>, a fa(*t wliicli a^rcns 
with the assmnption that inolecules of acids jxaietrate more <‘a.sily 
than ions, but also acetate anions are undoubtedl.v taken uj) (O*. 10). 
In 0.0017 of pH 3.7 and 0.017 m. of pIT 6.0 tln* conceiitratinn of un- 
dissociated acid is about the same, but the conccaitration of a(‘etatc 
anions is inuch higher in the latter case. And the inhibitin.a (dfeet is 
higher. 

Fumaric acid also retards the absorption of chloride (sce tabl(‘ 0, 
ii^. 11). In this cas(‘ the perineation of molecules is more dominatin^. 
0.005 m. fumaric acid exerts no effect on the Fl absorption at ])H 
0.6, but at pH 4.6 it deereases from 100 to 56. The funiarate anions 
are larger than acetate anions and this faet explains the insignificant 
active absorption of the former ones. Oenerally fumarate and a(*e' 
tate are absorbed in quantities comparable to that of inorganic 
anions. 












Growth, Bleeding and Salt Absorption of Wheat Koots 


355 


Table 9. Absorption of ehloride from 0,001 m KCl in ihe presence 
of 0,006, m fumarie acid (+ NaOH), Time of experiment 45 mi- 
nutes, Belative välues (control: 0,400 pmol. Cl absorbed per 10 mg, 
dry weight and 1 hour). 


pH. 

.. 1 4.6 1 

9.6 

Control 

Cl-absorption. 

so _i 

99 

100 1 

C’onc. of nndiss. fumarie acid .. 

. .| 1.3-JO'* j 

10® 

~ 1 


Aoids penetrating as molecules from a medium of lower pH than 
the root tisaue will of course be dissoeiated after they liave eome in. 
As the anion respiration ineehanism operates with anions as nega- 
tively e-harged particles, irrespe<dive of tlieir Chemical nature 
(10, 13, 15), the absorbed quantitieH of organio acids compete with 
the inorganic anions in the interiör of the tissue un til they disapi)ear 
in the metabolism. It is a eompetitiou of prineipally the same kind 
as between inorgani(*- anions competing in the- tissue, e. g. Cl, 
NO 3 and 80 4 . If the (‘.oncentratioii of one of t hese anions iucreascs 
<*omparatively less of the other will be absorbed and actively trans- 
])orte<l through the tissue. The retardation of the absorption of Cl” 
in the presence of acetic, fumarie and malonic acids (for malonic acid 
see table U), 11 and fig. 12 ) is no doubt partly duo to sueh eompeti- 
tion phenomenona. Unpublished respiration experiments show that 
the total aerobic respiration (Og-absorption) remains unchanged in 
tiie pres<nice of fumarie acid as eompared with K(1 alone. This is 
also the case witli acetic acid in lower concentrations. At liiglier 
conceiitrations ( 0.02 m.) acetate inhibits the aerobic respiration and 
this is also the case with malonic acid (fig. 12 ). Tn some exi)eriment 8 
also fumarie acid (»xerted a slight retarding effeet (see fig. 13). 



I—^-> „ ..-,i-1-1-•- 

^TR 5 6 7 å 9 

Fig. 11. Cl absorption from 0.001 m. KCl in tho proaonce of 0.005 m. fuinarir acid 
of varying pH. Dotted curve = concentration of undissociated acid. 

23 éSlQ^ Lantbrukghögskolane Annaler, Vol. 16. 
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Table 10. Absorpiion of chloride from 0.001 m. KCl in the pre- 
eence of 0.005 m. malonic acid and 0.005 m. fumaric aeid {-]rNaOH). 
Time of experiment 2 hours. Relative Dalues {eontrol: 0.549 jumol. 
Cl ahsorhed per 10 mg. dry weigM and 1 hour). 



Malonic ac. 

' r 

Fumano ac. 

Malonic ac. 
Fumaric ac. 

Control 

pH. 

4.6 

5.5 

5.0 

r 

; 53 

3 • 10 ® 
j 5 10® 

100 

Cl absorption. 

Conc. of nndiss. acid 

63 

5-10® 

1 

61 

1.5- 10® 

1 


The retardin^? effeet on the 01 absorption is about. of the same order 
regardirig malonic and fumaric acids. If malonic acid were active 
as a specific inhibitor of succinic aeid dehydrogenase, known as an 
enzyme closely cooperating with the cytochrome-cytochromeoxi- 
dase system, tlie decrease of the Cl absorption wonld be a reflecdion 
of this effeet. And fumaric acid would funetion as a reiriedy. This 
is obviously not the case. The experiments in tables 10 and 11 oii 
the contrary show that malonic and fumaric, acids together giv(‘ a 
lower absorption value than each of the acids alone. The pll v aliums 
are chostm in order to ensure a real ab8or])tion of the acids. Similar 
results are obtained in respiration experiments (sce fig. 13). From 
these experiments the important conclusion (‘an be drawn tliat succi¬ 
nic acid dehydrogenase does not participate in the a(*robic m(‘tabolism 
of y heat roots. 

(hnciusive experiments as to the inti^raetion of malonic* and liima- 
ric a(‘ids were also pcTformed regarding the bleeding (t-able 12 arnl 
fig. 10). Also in this case the pIT was chosen for Ihe pnrj>ose of 
ensuring a sufficient uptake of the a(ids. Malonic aeid (‘xerts its 



Fig. 12, Cl absorption from 0.001 m. KCl in the presenre of 0.005 m. malonate of 
varying pH. Dotted (?urve = eonceiitratioii of undissociatod acid. 
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Table 11. Absorption of ehloride from 0,001 m. KCl in the presence 
of malonic and fumaric acids, Time of experiment 3 hours, Rela- 
tive values (control: 0,71 mg. Cl absorbed per 10 mg, dry weight and 
1 hour), Control without organic acids — 100, 


! 0.01 malon. 

0.005 malon. 

0.01 malon. j 0.005 malon. 
0.01 fiimar. I O.OoS fumar. 

pH. i 4.0 

fi.O 

1 

3.8 6.2 

Cl absorption.. . . | 38 

m j 

' 

35 

52 

j 

Conc. of undiss. acid i 4 • 10 ^ 

3 • 10 • 

1 

O.ö • 10'= 
1.5- 10* 

■2 ■ 10 * 
3.5- 10 * 


cbanicteristic timo curve, viz. a rapidly startin^? retardatioD followed 
by a stiiuulation (aoe fig. 10). Fumarie u<*id givos a uniform inoroase 
of tho inliibition. Jloth acids togother show no traco of an elimination, 
011 tho oontrary a Iruo siiinmation results: in tho hoginning a stroilg 
rolardation follow(‘d by a slight ineroaso as tho rosnlt of the distimd/ 
»stimiilation in malonic aoid and tho- in<*reasiiig rotardation in fumaric 
acid. 

i. Cyanide and azide. 

(\vanido and azide ar(‘ universally adoyited as S])eoific inhibitors 
of tlie (‘vtochrome-cytochromeoxidaso systcan. Eut they affoct also 



13. l’arallel variation of Oa-consumptioii (rospiration) aiul Cl absorption from 
0.02 m. KOJ in tho prt‘sonoo of fumaratt» or inalonato or both (0.005 m. each). 
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Table 12. Bleeding under the influence of malonic and fumaric 

acids (-f NaOH). 



0.005 m. malonic 
acid 

0.005 m. fumaric 
acid 

0.005 m. malon. a. 
0.005 m.fumar. a. 

pH. 

4.2 

3.5 

3.6 

Control. 

100 

100 

i 100 

After 10 min. 

65 

91 

32 

» 30 » . 

76 

73 ! 

i 63 

» 00 » . 

122 

57 i 

1 


other systems containing heavy metal atoms, and azide seems to be 
somewhat less speeifie than cyanide to enzymes containing iron. 

Already 0.0001 m. comidetely chocks the anion respiration 

(unpublished experiments). Therc always remains a remnant of 
aerobic respiration (-- »the ground respiration») oven if a neutralized 
0.‘001 m. solution of cyanide is used. 

It has previously been shown by the author (11) that the bleeding 
is not stopped by 0.001 m. KCN, even at pH 7 (eqtiimolar qiiantities 
of and HCl). The bleeding slowly decreases during 2—3 hoiirs. 
•Qnite the same result was observed if the roots were deprived ot* 
free oxygen. It was eoncluded that the bleeding mechanism is of 
an anaerobical nature, but bleeding cannot go on indefiiut(‘ly if th(*. 
supply of salts is cut off by the inhibition of thc^ aerobic* anion 
respiration (13). 

In the new experiments the time course of the* bleeding was more 
closc^ly followc^d. The observations revealed the exist(*iice of a t(‘m- 
porary stimulation of the bleeding in the first hoiir (see tables 13 
and 14). The previous experiments, in which observations were made 
at intervals of 2—3 honrs, illustrated the final retardation only. The 
primary stimulation starts in a few niinutes. The effeet of ionization 
is seemingly the reverse of that in experiments with organic acids 
and fluoride (the pK valiie of is 9.1). In a nciutralized solution 
of KChl (pH 7) practically all HCN is present as molecuiles and mu(*h 
cyanide will presumably be absorbed. A considerable part of the 
aerobic respiration, ineluding the »distilled-water-respiration» (8), 
is inhibited. But the bleeding is very little affeeted during the first 
30 minutes. A slight retardation begins after 60 minutes. This 
result together with earlier experiments in Ng leaves no doubt as to 
the independence of the bleeding mechanism from aerobic. respiration 
(cf. also the opposite course of bleeding and salt absorption in 
malonic acid; tables 10—12). 

The observed stimulation reproduces an acceleration of the glyco- 
lysis as a result of the checked aerobic respiration, thus a manifesta- 
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Table 13. Bleeding in Solutions of KON HCl). 


Conc. of KCN. 

0.0002 m. 

0.001 m. 

pH. 

8.9 

9.6 

7.0 

Control. 

100 

100 

100 

After 10 min. 

132 

200 

127 

» 30 » . 

122 

182 

107 

;) 60 » . 

»8 

206 

83 

(\)nc. of undisg. KCN . . . 

1.2- 10‘ 

2.4 • 10 ‘ 

0.9»- 10 ’ 

. Table 14. Bleeding in Solutions 

of sodium azide (NaN^), 

Cone. of NaNa. 

' i 

0.001 m. 

(^introl. 

1 

.i 

100 j 

100 

Af tor 10 inin. 

1 

. 1 

80 , 

139 

-) 30 . 


40 

79 

.> 60 » . 


40 

Ö3 


tion of tho Tasteur reaction. It is a well-known fact tliat the f?lyoo- 
lysis is partly (^ontrolled by the aetion of ac^robie enzyme systems. 
The linkaf?e bet ween jjlyeolysis and bleeding wa.s demonstratecl above. 
The faet that the stimulation period is less ])roniinent under the in- 
fluen(*e of azide i>oints to a!i infhienee of tliis inhibitor on i^lvcolysis 
t oo (ef. 24). 

My earlier investi^ations on the influ(‘nee of eyanide on the respir- 
ation showed inereavse of the (Tio evolution al low coiieentrations 
(see 13, fi^r. 8 ). Macuilis ( 20 , fijr. 8 ) ventured a similar stimulation 
of the Og-eoiisiimxdion in 5,10 ® KCN. I have not been able to eon- 
firm this observation in my experiments with wheat roots. They 
show a. eoiitinuous rapid dt^orease of the Og-consumption bej^inniiif^ 
at less than 10 “®m. and attainiii" its maximum already at e. 10 "^ 
KGN. The temporary inorease of the (T >2 evolution is obviously a 
manifestation of the aeeeleratinj? j^lycolysis, a proeess whi(*h is not 
aeeompanied by eonsiimption of oxygen. 

The effeet of eyanid(' on the anion respiration is one of the most spe- 
eifio physiolo^ieal reaetions known. The inhibition be^rins already 
in eoneentrations of e. 10”® m. (see above). These experiments will 
be diseussed more in detail elsewhere. Time coiirse experiments show 
that the inhibition develops very soon after the transference of the 
root to the cyanide solution (see fig. 8 ). Even if the anion respiration 
meehanism works in the total tissue of cortex etc. the absorption 
from the medium must begin in the epidermis layer. If the aecmnul- 
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Table 15. The eodemion growth in Solutions of cyanide HCl). 

Belative values. 


Cone. of KCN. 

0.00003 m. 

0.0001 m. j 0.001 m. 

pH. 

6.6 

7.0 j 8.3 

Control (dist. water). 

100 

100 ! 100 

0— 8 min. 

73 

63 1 40 

8—16 » . 

64 

27 40 

16—32 » . 

57 

24 i 15 

32—64 » . 

57 

16 1 15 


ation meclianisrn of this layer is paralyzed no further uptake is pos- 
sible because ions by diffiision move inore slowly tluin cyanide which 
penetrates the whole root tissne in a few niinutes. 

The growth is generally linked to aerobic respiration. This is also 
the case with roots of wheat (7). But it is still undecided whelher the 
linkage refers to the anion respiration or to the fundamental respir¬ 
ation or to both. We have already found that no close n^lation exists 
betwoeii activc salt uptake and growth. Unpiiblished experiimmts 
with indol acetic acid have shown that this hormone, whi(‘.h strongly 
retards the growth of the roots, has an insignificaiit effect on the ab- 
sorption of salt ions. The experiments concerning cyanide and 
growth (see table 35) teach us that the growth processes are less 
sensitive to cyanide than the salt accumulation. 

Kopp (7) found a complete inhibitioii of the growth of wheat roots 
in 0.0001 in. K(W. The intervals of observation were comparatively 
long (V 2 fö ^ hour) and figures are not given. To judge from fig. 17 
in Kopp’s paper the growth still proceeds at undiniinished speed 
during c. hour after the exposure to cyanide. My owm photogra- 
pliical records (intervals of 4 minutes) show^ a very rapid deer<‘as(‘ 
of the growth intensity, but the grow th usually continues a t reduced 
speed and a complete staiidstill is seldom reacli(‘d during the first 
1—2 hours (see table 15). These results favour the assurnption that 
the growth is promoted by the total aerobic resjuration, fundaimmlal 
plus anion respiration, the last fraction being the most influeiitial. 
Kopp emphasizes the similar reaction ot the extension growth and the 
first stage of enlargement of the meristem cells. The extension 
growth of the wall is probably causally connected with synthetical 
processes proceeding in the protoplasm itself, but the metaboli(*< 
mechanism does not stop iramediately after paralyzing the (;yto- 
chrome-cytochroineoxidase system as does the transport of anions. 
This fact is not surprising, because the active transport of anions is 
directly linked to the oxidation-reduetion function of the enzyme 
system carrying active iron atoms (13). Tlie transport of anions stops 
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immediately after inactivation of the iron atoms of the respiration 
enzymes by cyanide or azide. But the metabolic processes dependent 
on the Products of the oxidation-reduction systems can temporarily 
go on as long as intermediary hydrogen aceeptors are not completely 
blocked. The existence of a »ground respiratiom f urthermore shows 
that also other systems endowed with the capability of end- 
oxidation of hydrogen aceeptors are operating in the roots, systems 
which are not dependent on active iron. 


IIT. Diseussion. 

The experimental results illustrat-e both the relative independence 
and the cooperation of the studied groups of physiological processes 
in the roots, viz. growth, ion absori)tion and sap movenient. Growth 
on the one hand and aceumulation and transportation of ions in the 
root tissiie on the other are both aerobic processes which stop in 
absen(X‘ of niolecular oxygen. But there is a certain difference, be- 
cause the anion respiration ceases instantaneously in the presence 
of whereas the growth for a while continiies with rediK^ed speed. 
\Ve have just coneluded that the fundamental respiration which is 
not paralyzed by UGN to some extent supi»lies the energy for a very 
re<luced growth. 

No one of the inhibitors tested is able to stirnulatc growth, even in 
very low conceutrations. The growth beiiig very sensitive to varia¬ 
tions in tlie (lissociation of tlie auxin or to a contaet with dissociated 
aiixin Solutions (18) we conelude that the iiiliibitors do not directly 
interfere with the grow th liormone, Tn acid Solutions the special dis- 
sociation effeet a])pears independently of the inhibition caiisedby the 
test siibstance. The inhibiting effeets of JAA and NaF are probably 
diie to a disturbance in the carbohydrate metabolism responsible for 
the formation of wall substance, ]>rocesses oonneeted with the glyco- 
lysis. The l()<*alizatioii of the grow th resporisc in the surface layer of 
the root is illustrated by the faet that the action of the inhibitor is 
independent of ])ir, and the subseqnent degree of dissociation of 
its molecnles. 

The experiments emphasize the faet that no close relation exists 
between ion absorption and growth, as these two processes vary 
independently under the inflinmce of different inhibitors. Ton ab¬ 
sorption can go on at inhibited growth. A certain amouiit of growth 
continues at paralyze<l ion absor])tion. In the long run the growth 
cannot go on without a supply of salts, but the faet that a considerable 
growth oceurs in distilled water show^s that salts are supplied from 
the upper part of the roots (13). The anion respiration system is 
an important promotor of this active transi)ort of salts through the 
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tissue, however. The »distilled-water-respiration» is the visible result 
of this »idling» of the anion respiration. 

To the primary effect of an inhibitor ori the extension growth — 
which is developed during the first few ininutes — are added a nurn- 
ber of secondary effects arising from the qiiantities of the inhibitor 
penetrating the root tissue and affecting the ineristem. Such inore 
or less uncontrolled secondary effects have been obser ved, e. g. from 
indol acetic acid. The recovery from the primary inhibition of the 
growth developed in diluted Solutions of NaF (see fig. 9) is possibly 
caused by the production of new enzyme molecules remunerating tlie 
inactivated ones. A similar recovery of an initial slight inhibition 
was observed on time curves of the Cl absorption in 0.0001 m. XaF 

m- 8 ). 

In a previous paper (18) it has been shown that the growth lias 
certain secondary effects on the sap movement (bleeding). This effect 
was traced back to experiments with decapitated roots (17). Cuttinu 
off the root tip (0—5 mm.) frequently increases the bleeding. This 
surprising fact was explained in the followdng way. The bleeding is, 
broadly speakiug, a »Druckströmung» from the lowcr 30 mm. of tlie 
root. The growdng tip consuming salts and sugar, transforming them 
into non-osmotical substanees (protein etc.), a fraction of the avaih 
able osmotic material is normally lost in the tip. If the tip is ciit off 
this material can now move upwards and join the sap stream. A si¬ 
milar result is obtained if the growth is checked, but th(' effc(*( is 
less prominent. Nevertheless there is a tendency to opposite variation 
of growth and bleeding. Tliis tendency may cooperatt^ in the stimii- 
latioris of the bleeding observed in Solutions of cyanide and malo- 
nate. But this explanation by no meatis ca)vers the main effect of 
stimulation. 0.0002 m. KON induced stimulation of th(‘ bleediTig 
(up to 132 %) also in roots from which the tip (0—5 mm.) was (*ut off. 
The Pasteur reaction is i)robably invoived in this pljenomenon. 

Our experiments show that no such close relation exists between 
growth and salt accumulation (and respiration) as Thimann (20, 
p. 64) believes. Earlier experiences (10) have showri tliat differeiit 
salts have a x)romiiient effect upoii the grow th, measured in iniervals 
of three hours. Solutions of KCl considerably retard the growth as 
eompared with distilled water, wdiereas (^xClg maintains a high spe(Ml. 
In respect of respiration KOI nevertheless accelorates. A possibh* 
explanation was given in the paper quoted: the growth is regulat.ed 
by the electrophoretic movement of auxin from the meristem to 
the zone of elongation; KCl changes the potentials in such a w^ay that 
the electrophoretic transport of auxin is strongly decreased, but 
calcium ions maintain high potential differences. 

The end-oxidation of glycose brought about by the cytochrome- 
cytochromeoxidase system operates on hydrogen aeceptors eonneeted 
with the Chain of glycolysis beginning with the phosphorylation. 



Growth, Bleeding and Salt Absorption of Wheat Roots 


363 


Owing to the high effectivity of the cytochroine-(3ytocliromeoxida8e 
its aotivity rosponds to small changes in the feeding-system. This 
is the reason why JAA, NaF and other inhibitors of the glycolysis 
also limit the salt absorption. Sodiuni flnoride possibly also inhi- 
bits parts of the end-oxidation (21). The faet that NaF attacks the 
bleeding more iritensively than the ion absorption indicates the 
possibility of »spare» mechanisms concerning the glycolysis too, 
or alternatively a certain storage of interrnediary products matched 
with the respiration Chain. Jf the fluoride attacks at an early State, 
e. g. the phosphorylation of sugar, a large number of stored inter- 
mediary products, e. g. organic acids, can probably feed the cyto* 
chrome-cyt()chromeoxida8<‘ system during the time of experiment 
(1—2 hours). 

Further experiments are needed to elucidate the role of the or¬ 
ganic acids as interrnediary links in the nudabolism of thti roots. The 
results of TIlrich (27) and Burström (3) have shown that malic 
acid is an intermediate in the aerobic respiration. Pyru\^ic acid is 
also readily oxydized (12). As to fumaric acid my own unpnblished 
experiments show no increase of the respiration during the first 2 
hours, in spite of the fa(‘.t that fumaric acid at lower pH values is 
absorbed to aboiit the same degree as inorganic anions. This fact 
poiiits to a more hidden position of fumaric acid in the metabolisrn. 
The experiments with malonate and fumaratc* leave no doubt as 
to the fa(*t that succinicj acid dehydrogenase does not participate in 
the interrnediary metabolisrn of wheat roots. Bergek and Avery 
(1) were also unable to find any evidence for succinic acid dehydroge¬ 
nase in the coleo])tile of oals. Malonic acid inhibits the respiration 
to a certain degree (see fig. 13), hut this may be due to the c.ominon 
])oisonou8 actioii of this subst-ance. The ])r(‘sent investigatioii sup¬ 
ports the idea that the transferenee from tlie glycolytical branch of 
the aerobic respiration to the systems regiilaiing the end-oxidation 
occurs at malic acid. Acetic achi has j^robably no function in this 
respe(‘t. 

The ('ompetition between organic acids and inorganic anions in 
respect of their traiisportation by means of the anion respiration 
system is of special int erest. At the normal pll of the protoplasm 
all organic acids are prevailingly dissociated. Jf the acids produced 
in the respiration <‘hain, e. g. mali<! acid, compete wdth inorganic 
anions (because the active iron transfers anions of any kind in rela¬ 
tion ti> t heir eou(*entration) a high level of malic acid means a reduced 
absorption of anions from the medium and a corresponding incr(»as(‘ 
of the absorption of cations (because these are unspecifically absorbed 
by anionic charges in the cell, irrespective of their origin). If the 
concentration of organic acids in the protoplasm decreases more in¬ 
organic anions will be transported and consequently also more salt-s 
absorbed from the medium. The anion respiration mechanism thus 



364 


H. Lundegåtdh 




Fig. 14. Schome of the probable course of eap movement from 
tho abaorbmg aurface of the root to the stelo and the growing 
tip. Tho curved lines indicato the paths of active tranaport 
owing to anion roapiration. In the tip zouo (e. 5 mm.) the ions 
are eonsurned partly in synthetical procoases (proteinization), 
partly stored in tho growing celJs. In tho bleeding zone (10 — 
30 mm.) tho outflow in tho stelo is rogulated by glyoolytioal 
prooesses. 


acts as a reg:ulator of t lie ion balanee and tlie aetiial pH of the 
This balance is supported by the membrane equilibriuni, beeause 
an acid medium lowers the negative potential at the surfaee of the 
eell and consequently proinotes the uptake of anionSy whifdi is again 
followed by a deereased transport of organie. anions. But metabolic. 
proeesses are probably also involved in the organi c acid ba-lanee, 
shi^ting over the equilibrium to a inore intensive d(Uiomposition 
(in the respiration) or utilization (in proteinization) of the organie 
acids if these are aceumulating and vice versa. 

The ascending sap stream appearing as bleeding from isolated 
roots or decapitated plants has been characterizcd as a polar flow of 
salts and water through the youiiger parts of the roots. In wheat th(^ 
aetive part is restricted to tlie zone c. 10—30 mm. from the tip (fig. 
14). The sap movement goes on in the cortex and in the living eells 
of the stele. (/omparatively little saj) is moved in the large vessels 
and in tho central laeuna (see 17). In the upxier parts of the root the 
xylem of the stele undoubtedly functions as a long-line eonduit, but- 
the moving forees are loealized in the living elements of the out- 
grown part of the root ends. Previous investigations have elucidated 
the ehief mechanism of the bleeding. It has been eharaeterized as 
the outflow of a selected collection of cell contents — in wheat roots 
only mineral salts and sometimes carbon dioxide — aecording to the 
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•osmotical rules accompanied by water, the quantity and bydrostatic 
pressure of which is determined by the osmotic value and the turgor 
tension of the root cells. 

The resnits presented in the foregoing pages corroborate the ge¬ 
neral scheme of the relations between bleeding and salt absorption, 
viz. the faot that the process of bleeding is anaerobical but indirectly 
depends upon the aerobical anion respiration, becanse this process 
transfers osmotic material (salts) to the bleeding cells. The new ex¬ 
periments enable an approach to a more distinct (diaracterization 
of the bleeding mechanism. It is no passive outflow of sap from one 
end of a (*-ell to which osmotic material is let in on the opposite side 
but the bleeding is linked to an anaerobically working glycolytical 
process which regiilates the outflow and is obviously responsible for 
the restriction of the exiidation to salt ions. 

The experiments teach us that the bleeding is only influenced 
by substances penetrating the surface layer. It is independent of 
the extension growth and of sudden fluc.tuatioris in the anion respir¬ 
ation. Its lirikag<‘ to glycolytical pro(‘es8es is demonstrated by the 
inhibition foUowing from small quantities of iodine acetic acid and 
fluoride penetrating the tissue. The absorption of these inhibitors is 
closely relaled to the con(*/entration of undissoc/iated molecules. In¬ 
hibitors of the end-process of the aerobic respiration, cyanide and 
azide, do not. directly interfere with the bleeding mechanism. A 
further ])roof of its glycolytic character is gi\ en by the traiisitory 
acceleration under the influonce of cyanide and azide: a typical 
Ihist eur ])henomenon. 

More difficult is tiie further analysis of tln» biochemical ])roeesses 
asso(‘iated with tlie blet^ding. T)h» fact that fliioride is the most 
8 ])ecific inhibitor perhaps points to a localization of the process near 
the top of t he chain of gly(*olysis, e. g. in tlie phosidjorylation of gly- 
cose. Tlie fact that azide inhibits more strongly t han cyanide can be 
related to its special effi^ct on the p]ios])]iorylation (24). \Ve know 
that an anaerobic mechanism regulating the accumulation of sugar 
from th(* m(‘dium to the root is operating near the surface (25) and 
various facts indicatt» t he common existenc-e of such a mechanism in 
the single cidls, a mechanism probably operating with altemating 
phosphorvlation and dephosphorylation. 

The anioni(‘ naturt» of the gly(*ose ])]iosphates circulating between 
different levels of the glycolysis niay have something to do with the 
transport of cations. Observations as to an absorption or exudation 
of cntions accompanyiug the fernientation of glycosc by yeast have 
been made by various authors. According to Coui and ('our (4) the 
phosphorylation of pyruvic acid from adenosin triphosphate needs 
the presence of potassium ions. It seems quite feasible to assume that 
a me(‘hanism sitxiated in the surface of the cell and operating with 
altemating pliosphorylation and dephosphorylation is cajiable of 
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regulÄting an exudation of oations from the cell surface. And if 
cationB are given off anions must also be liberated from the cell sur- 
face according to the common rules of ion balance and ion exchange. 
Previous iiivestigatiuns (8) supported the idea of an ionic activity of 
the protoplasmic membrane, it represeiiting an amphoterie State 
with dominating negative charge. Anions are always present in 
the protoplasmic membrane as exchange objects, and outgoing 
cations will therefore preferably combine with these anions, the place 
of which is then occupied by new anions from the bulk of the proto- 
plasm. The exudation of cations must consequently result in an exud¬ 
ation of neutral salts postulated that enough anions of strong acids 
are present in the protoplasm. This is usually the case in the root 
cells, because salts are abundantly stored owing to the activ(» salt 
accumulation. 

If the anion respiration mechanism is stopped (by the exelusion 
of oxygeii or by cyanide) the supply of anions is gradually exhausted. 
Previous experiments (11) showed that under these circumstaiu^es 
an excess of cations, chiefly potassium, appears in the sap, balanced 
by HOOg*. These results indeed support the hypothesis of the bleed- 
ing being conducted by an exudation of (nations. If ])hosphoric acid 
in organic linkage is the carrier of the transport of cations it is reason- 
able to assume that it functions by means of changes in tiie dissocda- 
tion, And the dissociation of phosplioric acid is known to (iiange un¬ 
der the influence of the linkage to an organic group. These groups 
are continuously shifting character during the first part of glycolysis, 
in which phosphoric acid partieipates. 

Furnaric acid, whenever not appreciably changing tiie growth or 
the respiration, slowly inhibits the bleeding. The slight retardation of 
the ])lceding at low pll in mineral acids (see 18) has been explained as 
a secondary effect of the activation of the growing tip. Biit in resp(»e.t 
of furnaric acid still other fa(*tors participate. Tlie most probable 
explaiiation is here the competitive retardation of the transport of 
anions (see above). This retardation was observed as a- d(M*rea8e of 
the ab8orx)tion of anions from the medium, but th(‘ same mechanism 
is responsible for the transport of neutral salts in the int(»rior of the 
root tissue, a process of vital importance for the continued bleeding. 
Furnaric acid — and other organic acids not fiindamentally inter- 
fering with the metabolism — gives a similar effect as a weak poiso- 
ning by cyanide would exert if it did not simultaneously interfere 
with the Pasteiir reaction. However, furnaric acid will neyer be able 
completely to check the transport of inorganio ions. 

One important aspect of the sap movement phenomenon is its pola- 
rity, viz. the circumstance that sap flows preferably in one direction 
through the tissue. The old explanation of Ppeffer, still held by 
authors of text-books, cornprises a differential permeability: if the 
protoplasmic membrane on one side of a cell is more permeable to 



Growth, Bleeding and Salt Absorption of Wheat Roots 


367 


salts tlian on the opposite side a »Druckströmung» will undoubtedly go 
out from this side. A little more advanced is the hypothesis of Craftö 
and Bkoybr (5). These authors believed that the decreasing oxygen 
gradient along the radius of the root gradually slackens the salt respir- 
ation so that salts acouinulated at the surface of the root are again 
liberated in the neighbourhood of the stele and consequently escape 
that way. 

As pointed out in a previous communication (13) the idea of a 
steady state between accumulation and exudation was earlier pre¬ 
sented by the author (8). It was observed that salts, especially ea- 
tions, leak out from the root, if the aerobic respiration is inhibited. 
The recovery of the anion resinration turns over the movement of 
ions in the reverse direction. On these observations was built the 
conception of a steady State prevailiiig in each cell of the root, the 
level of accumulation reflectiiig the mutual intensity of two opposite 
processes, one for the a<‘cumulation and one for the exudation. The 
exudation was figured as a »jiassive» exchange of ions, viz. meiallic 
calions for Il-ions of the surrounding medium and anions of mineral 
aeids for OlJ-ions or bicarbonate ions. This »passive» exchange obeys 
the existing gradients. It has been observed that a more intensive 
exchange occurs in distilled water charged with carbon dioxidc than 
in pure distilled water, etc. (see 16). The »leakage» of ions from the 
surfa(‘e of the protoplasm is in general controlled by the presence of 
enoiigh »exchange material» in the medium. 

The present investigation elueidates the downhill side of the steady 
State. Hesides the passive ion exchange a metabolic process of 
glycolytical eluiraeter regulates the liberation of salts and this pro- 
<‘es8 is obviously far more efficient. The fac*t that the epidermis layer 
is not involved in the bleeding and that the passive ion exchange 
tlirough it proceeds rather slowly demonstrates its function as a bar- 
rier against greater losses of salts to the medium, even if the anion 
res})iration is checked by (;yanide or abseiice of oxygen. Tnvestig- 
ations as to the transport of salts from the upper parts of the roots 
to tlui tip zone, if the roots are held in distilled water (see 13), tea(*h 
US that the internal resistance to salt movement is low. The bleeding 
still continues in distilled water; the salts move from distant parts 
of the cortex (at least 100 mm. from the tip) to t he zone of bleeding 
(10—30 mm. from the tip) and are here exuded in the stele. The 
transport is obviously in some way regulated by the anion respiration 
in cooperation with the glycolysis, both together constituting a 
system of reversible transferance of salts between different points 
of a tissue. As the glycolytical liberation of salts has its top level 
in a zone 10—30 mm, from the tip a fraction of the salt stream is 
branched off to the stele. It may be postulated that the cells 
standing in contact with the eonducting elements of the stele are 
more richly endowed with the glycolytic system than e. g. the 
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epidermis, otherwise the salt stream would take another direction. 
As far as the limited »penneability» of the epidermis is concerned 
this conclnsion is supported by faets. An intensified glycolysis 
must in itself act similarly to an increased »penneability». If the 
power of glye-olysis increases towards the centre of the root the 
quantities of salts above the accumulation level wiW be emptied in 
the eondueting system. 

The scheme of two cooperating metabolic systems, the aerobie 
anion respiration and the anaerobic glycolysis (or stages of it), whieli 
is supported by the experimental results presented in this i)aper re- 
moves the difficulties arising from the assumption of an oxygen 
gradient working in the direction of the radius of the root (13, 15). 
Even if sueh a gradient exists and to some extent j)arti(*ipates in the 
centripetal transport of salts the supply of oxygen to the central 
parencliyma is undoubtedly suffieiently good to maiutain a fairly liigh 
level of accumulation of salts. Experiencies from roots of bog plants 
e. g. rice, fiirthermore teaeh us that oxygen (^an be supplied from tlie 
aerial parts of the plant (22), thus ereating a reversed Og-gradient. 
It seems hardly probable that the transport me(‘banisms of these roots 
are of quite a different nature from tliat in other planis. Our »sap- 
controlling glycolysis» ruiis independently of the aiTobic ])roc(*sses 
and the sap movement is exclusively determined by the anatomical- 
morphological distribution of (»ells or tissues provided witli a liigh 
intensity of these processes. 

Accordirig to prevalent biochemical views the aerobie respiration 
branches off from the glycolysis at the stage of ])yruvic a(*i(l, hut some 
authors believe that a transition exists from th(‘ trioHe[>hos])luites 
via cozymase. The inhibitors of glycolysis known at pn^sent, are 
too little speciflc to enable distinetions as to definitivt» stagt»s of the 
pro(*ess. A number of suggestions as to a certain (liffennitlation in 
the action of iodine acetic, acid and fhioride ha ve b(»t‘ii put forward in 
the experimerital part, Tt has also been emphasiztMl tliat one iiihibitor 
may have a more specific action on the formation of wall substaiict». 
thaii the other, etc. ISome features of the respiratoiy systcjiis are 
iievart heless more accnrately supported by (‘Xperimental faets ])re- 
sented in the foregoing pages and in previous investigalions from this 
laboratory, viz. the following ones. A glycolytieal system, probably 
a zymase fermentation, operates in the win»a1 roots under ana(»robieal 
conditions and the eiid-products, probably to some ext(‘nt aleoliol, 
are comparatlvely harmless. Jn the pres(*TU‘e of oxygen intermediate 
Products of the glycolysis are oxydized, but succinic acid dchydro- 
genase does not partici])ate in the traiisfcronce of hydrogen to the 
end-oxidation. In the end-oxidat ioii two iirocesses are invad ved, 1. 
the »anion respiration», pr<d)ably the cytochrome-(*y 1 , 0 (*hr()meoxidase 
system and 2. the »ground respiration», the biochemical eharaeder 
of whieh is very little known (rnanganese seems to have sojne eata- 



Growth, Bleeding and Salt Absorption of Wheat Roots 


369 


Table 16 . Comparison of the aetion of iodine acetate and fluoride. 

A. Growth. 


Iodine ac^etate NaF 


0.0001 rn. 

0.001 m. Time 

0.0001 m. 

0.001 

m. 

44 

61 0-8 

71 

63 


44 

41 8—16 

67 

36 


46 

21 16—32 

66 

26 


69 

— 32—64 

100 

12 



B. Bleedmg. 




lodino aeotatc 

Oonc. un di US. inhil)itor 

NaF 


10 30 60 min. 



10 30 

60 min. 

100 103 110 

10 « 


75 69 

57 

100 86 73 

JO ® 


72 61 

50 

100 62 

10 ♦ 


59 42 

(33 


(U ahftorpfion. 




Todino aootato 

T^ndiss. inhibitor 


NaF 


100 

10 ^ 


110 


c. 0 

10 * 


64 



lytical fuuetion, porhaps also a poJypheiioloxidase system, but niost 
of this is guess-work). Life eontinuea, at least temporarily, if both 
aerobic processen ar<* iiiliibited, o. g. under anaerobical condiiions; 
accumiilalion and transport- of sugar coiitinues, and also tlie down- 
liill si<l<‘ of sap mov(unent. If the grouiid resj)iratiou is added, e. g. 
ill diluted Solutions of cyanide, sonie small syntlietic work seems lo 
be completed, e. g. a verv limited growth. But only the cytocbrome- 
cytochromeoxidase system is eapable of malutainiug what is iieeded 
for normal progressive life, viz. salt accumulatioii, active salt- 
transport, and growth. If both glycolysis and anioii respiration are 
checktMl, e. g. by eonibination of a glycolytie inUibitor Avith cyanide, 
life very soon ct»ases. The fumlameiital respiration is obvioiisly not 
capabh' of funetioning as a substitute. Jt probably joins the chain of 
gly(‘olysis rather directly. As to the cytochroine-cytochromeoxidase 
system we have suggested a certain buffer capaeity of the system of 
organic acids always present in the root cidls. if the glycolysis is 
inhibited befon» pyruvde acid, e. g. under the influen(*e of JA A or 
fluoride, and dehydrogenases de(*omposing V 4-acids (oxalacetic, 
mali(*) to (H >2 and acceptor-lla are still intaet a limited aiTobic re¬ 
spiration ean go on until the reserv-es are exhausted. Still another 
hypothet-icnil ])ossibiLity of differeiitiation of the metabolism exists in 
the twM) alti^rnative ways from glycolysis to end-oxidation, xiz. over 
])yruvi<*. a(*id or dire<*tly from 1rioae])hos])hate dehydrogenase. If 
enolase is inhibited by fluoride, this w^ay may still be o])en, a fa(*t 
w’hi<*,h perhaps exjdains tlie sometimes surprisingly weak effeet of 
NaF 011 growth and salt absorption. Table 16 gives a suminary of the 
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experiments with iodine acetate and fluoride in which certain charac- 
teristic differences in the action of the two inhibitors of glycolysis are 
perceivable. 

The figures are partly interpolated from the curves and only ap- 
proximative. Eurthermore a comparison between substances of a 
different, unfortunately unknown, coefficient of permeability is 
always halting. But the immediate attack on the growth in which the 
permeability factor is less prominent clearly shows that both in¬ 
hibitors, at the same molarity, behave evenly. Iodine acetate is per- 
haps a little more active. In respect of the bleeding the table un- 
deniably shows a stronger effect of fluoride. Tln» Cl ab8or})tion has 
not been sufficiently studied in respect of the influence of iodine 
acetate, but this inhibitor completely checks the absorption at a 
concentration of undissociated niolecules which in the case of ]NaF 
reduces it c. 30 % only. The idea of alternativc paths in the 
glycolysis is illustrated by these differences 


IV. Summary. 

The ascending sap stream through wheat roots (bleeding) 
is linked to the anaerobical glycolysis, possibly the alternating ]>hos- 
phorylation and dephosphorylation. This i)roces8 seenis to ac^celeraU* 
the out-going of cations, and, according to tlie rules of ion equilibriiun, 
anions. It is pictiired as the down-hill side of a steady state, the up- 
hill side of which is represented by the aerobic anion resjnration 
(salt respiration) and accumulation of salts. The two groups of r(*a(‘- 
tions regulating the absorption, transport and exudation of salts in 
ctlls and tissues were experimentally separated by inhibitors attacking 
glycolysis, viz. iodine acetate and fluoride, and inhibitors attacking 
the mechanism of salt accumulation, viz. cyanide and azide. 

The action of the inhibitors on the bleeding is directly related to 
the concentration of undissociated molecules. The sap rnovement 
impbes the activity of the total tissue of the cross-section of the root 
and the results support the assumption that weak acids are absorbed 
primarily as molecules. 

The growth (Streckungswachstum) of the root is (»ontrolled by 
the epidermis layer and is consequently exposed to the immediai^e 
influence of the medium. The degree of dissociation of the inhibi¬ 
tor is here less important. At prolonged treatment the inhibitor 
penetrates the tissue and affects the meristem; secondary effects not 
included in the present investigation result from these events. 

No close relation exists between growth and bleeding or growth 
and ion absorption. Growth can continue at completely checked 
anion respiration or at strongly reduced bleeding. Bleeding continues 
for a time at checked growth or inhibited ion accumulation. Meta- 
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bolic interactions between tho different aspects of the life of the cell 
do of course occur, because tlie processes of glycolysis and aerobic 
respiration are always to some extent interwo\?en. A continued exud- 
ation postiilates a certain level of accumulation, etc. But the organi¬ 
sation of the cell metabolism enables cessation of certain chains of 
reactions and switching on of others or using substitutional paths. 
The cessation of the growth of the root cells does not impedc, or even 
ai)preciably decrease, the accumulation of ions or the ability of ion 
transport through the tissue. The full development of all aspects 
of the life of unspecialized cells, including groivth, on the other hand 
postiilates the undisturbed process of glycolysis, involving all kinds 
of phosphorylation, and a complete aerobic respiration. 
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Quantitative Relations Between Respiration and 
Salt Absorption. 

By H. LUNDEGÅRDH. 

-From the Inatitute of Plant Physiolog}/. 


I Introduclion. 

Tho. existence of a mass-relation between the absorjitiori of salts 
in roots of wheat and the respiration (absorjition of Og, evolution of 
OO 2 ) was first discovored in the year 1933 (15). (-ontinued investi- 
^ations (7, 9, 11) added further evidence supportiiif^ the eon(*eptioii 
of an »anion respiration», viz. a fracdion of the aerobic^. re-spiration 
very sensitiv^e to cyanide and probably identical with tlu‘, eyto- 
ehrome-eytoehronieoxidase system. 

Besides th(^ anion respiration still aiiother ac^robie r(‘Spiration 
proceeds in the root tissue, viz. the »^round n^spiration», vvhich is 
characterized by its hi^h-grade iiiseiisitivity tt> eyaiiide. Under 
aiiaerobieal conditions the power of aeeumulating salts is almost 
coinpletely checked. The anaerobic respiration (glyiuilysis) of Ihe 
roots does not partake in the active absorption of salts from tlu* nual- 
ium bnt it is on the other hand linked to the iriternal exiidation of 
salts known as the aseending sap streani or power of bleeding (14). 

The con(‘eption of a S})ecial »anion» or »salt r(‘spiration» was 
roborated by later investigators (5, 4, 20, 21—20) aiiiong whom 
llOBERTiSOiv has presented convindng evidence for th<* existerna» 
of a salt respiration of the same type as LttndegÅrdii^s anion res])i- 
ration, not only in roots of barley but also in sliees of storagi^ tissue 
(carrot-s, beets, etc.), objects in which earlier investigators were un- 
able to distinguish mass-relations between respiration and salt ac- 
cumulation. The findings of Wanner (27) as to a different tempe- 
rature quotient of the absorption of anions and eations siipjiort tlu* 
idea of separato w ays of accumulation of anions and eations. 

The probable linkage of the active transport and accumulation 
of anions to an oxidation-reduetion system operating by means of 
valeney changes of iron atoms opens the possibility of an under- 
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atanding, in terms of biochemistry, of the mass-relation between 
the molar quantities of transported anions and consumed oxygen. 
If the anions are »exchanged for electrons» according to the scheme 

A- 

I-"i 

-f- e 

Fe*^”^ — - Fe*^ 

—e 

f ! 

A" 


one anion will be transported for each electron operating in the 
oxidation-reduetion system oxidizing glucose. The fact that the 

^ _ consumed O- (or evolved 002 ) . » . , ^ ^ 

quotient h 1 -is fairly constant if 

equivalents transported anions 

absorption experiments wdth diluted Solutions of salts of one mineral 
acid are eompared but ehanges if conditions are changed, e. g. at 
liigh eoncentration of the salt or in the presence of slowly moved 
eations, however, w^as sometimes used as an argument against the 
existence of quantitative relations. It was found (7) that k is lowered 
at rising eoncentration of the salt and in the j)resence of easy trans* 
l)ortable eations. As a rule more anions per mol. consumed oxygen 
are actively transported if the »resistaruie to the transport» is lowered. 

At a minimuni of resistance a maxiniuni of anions ought to be 
transport ed, viz. t heoretically one inonovalenti anion for ea(*h electron 
shifted ill t la*, oxidation-reduclioii mechaiiism. This idea lias beeu 
recently taken up and furtlier developed by RobektjSON (26). He 
starts from t lic biocheniical t hesis that 24 steps of eh^drou trans- 
f(n*enc.t‘ are needed for the (‘omplctc oxidation of one mol glucose, 
tluis four electrons ])er (*onsumod molc<‘iiIc of oxygen. This would 

. , ^ equivalents absorbed anions , 

give a lh(‘oretical quoti(‘n{, , , . 4 hn 

mols consumed oxygen 

following the quotient is wTitten q aii/Og). Robkrtson has presented 
new experiment al material supporting his thesis that q aii /02 ap- 
proaclies the to]) valut; 4 if the conditions of salt absorption are op¬ 
timal, e. g. in Solutions of high conceiilratioii. ()n the other hand no 
explanation has hitherto b(‘en given of the fact that q an/Oa in certain 
objects, e. g. roots, never r(‘aches the top value, and, moreover, of 
the mentioned fact that a quantitative relation between the absorp¬ 
tion of anions and the respiration can be deraonstrated also for these 
low^ (J-values. These questions are the main topic of the present, 
investigation. The following general consideratioiis may serve as a 
background of tlie further treatment of the problem. 

Biochernically the movement of one electron in the organized 
(‘nzymi^ system entails the opposite movement of one equivalent 
anion lying close at. hand within the attraction sphere of the system. 
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Because anions of different nature are always present in the proto- 
plasm, in its or^^anized structnres or its boundaries, the ratio of con- 
centrations or the frequeney of the single types of anions nxust 
decide which of them will chance to be actively moved or not. Be- 
sides anions of neutral salts anions of water, carbonic acid and 
organic acids are always present in the vicinity of the operating 
enzyme systems. Beforehand the possibility can not be excludod 
that siich »native» anions are used as vehicles for tlie eleetron trans- 
ference too, These native anions apx>ear and di8apj)ear in the meta- 
bolism. 04 -acid 8 are consumed in the synthesis of arnino aeids and 
proteins, HCOg-ions are conv^ersely transferred t o rOg-molc^cules, etc. 

The inajority of the native anions are produeed in the aerobic 
respiration. On the assumption that native anions also to some 
extent balance the valency ehanges of the active iron atoms this 
faot is of (»onsiderable interest for tlie discussion of sub-inaximal 
values of q an/Og. A comparatively small stimiilation of the anion 
respiration by means of absorbed mineral anions entails a rise of 
the availability of native anions. The absorption of a small quantity 
of inorganic ani<»n8 thns probably acts sirnilarly to a eatalyst, and th(‘ 
phenomenon ean be charaeterized as an aiitocatalysis. Referring 
to what has been said about eompetition between anions in the at- 
traction sphere of the enzyme system it must be supposed that in- 
organie anions at increasiiig activity will suecessfully eompete witli 
the native anions and finally, at higli coneentrations, 2)racti(‘ally 
dominate as exchange partners for electrons. This stage (*oinei(i(‘s 
with Robertson^s tiieoretical value q an/Og — 1. 

This discussion is fundamental for the understanding of the fact 
that the relation between tlie molarity of absorbed anions and con¬ 
sumed oxygen canrcmain approximately constant also at sub-niaxirnal 
values, only the general conditions being held constant. A fuii-her way 
of testing the main i)roblem of quantitative relations is to investi- 
gate the responso of the anion respiration lo a gradually iiicreasing 
inhibition by means of cyanide. Tf quantitative relations of above- 
named tj^pe exist a decrease of the respiration will be aceompanicd 
by a i)arallel decrease of the absorption of anions. 

Our discussion as to the possible causes of a variation of q ari/Oa 
touches still another phenomenon, viz. the »distilled-water respira¬ 
tion» (called dw-resjuration in the following). Already at an early 
date (15) it was observed that at least 30% of the aerobic respira¬ 
tion in distilled water was inhibited by cyanide. Aftcr transference 
of the roots from distilled water to a very diluted salt solution the 
respiration often remained about the same, in spite of an active 
absorption of anions. If the respiration values of several experi¬ 
ments were plotted together with the corrcsponding values of the 
absorbed anions the result was nevertheless a linear relation, appro¬ 
ximately following the equation Kt = Rg + fe . A (Rt = total resju- 
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ration, Rg = ground respiration, k . A = anion respiration as a 
multiple of absorbed anions = A). The quantity Rg coincided with 
the respiration in Solutions of KCN. It was eoncluded that the dw- 
respiration carries all characteristics of an »anion respiration without 
anion absorption». Later Robertson observed the santie phenome- 
rion in roots of barley, bu-t not in slices of storage tissue. 

As a provisional hypothesis the author (7) developed the idea of an 
»idling» of the anion respiration, viz. the amount of respiration needed 
to keep the accuinulated salts within the cell and to bring out-leaked 
quantities back again respectively. But the idea of the anion respira¬ 
tion as a steady State has obtained a new aspect through the authors 
recent studies on the nature of the ascending sap stream (11, 14). 

The internal exudation, functioning as the motive power of the 
ascending sap, is conducted by anaerobieal glycolytic processes 
inhibited by iodine acetate or fluoride, but not by cyanide. The 
internal (»xiidation no doubt composes a major part of the down-hill 
side of t he steady state, the up-hill side of whieli is the anion respi- 
raiion. 

The balanee between the two groups of processes, cornposing the 
steady state, deterniines the level of (ioncentratiou of salts in each 
cell or in eacli part of a tissue or an organ. Ft was repeatedly empha- 
sized tliat the anion respiration works in all cells of a tissue, not only 
in the surface layer (11), thus constituting a universal luechanism 
for active transport in a wide sense. It is an established fact that 
salts are ac(ajniulat<^d in the whole root of cereals up to a height of 
at least 100 niiii. Froni here tliey are forwarded into the region of 
the stele at a heiglit of c. 10—30 mm. Salts are actively moved up- 
M^^ards or downwards owing to the balanee between absori)tion and 
c.onsumption and tln^y are partly exuded in the stele, partly consurned 
ill the growing tip. One of the tasks of the experimental part will 
be to de(*ide wliether the motive force of t his internal transport is 
identical witli the dw-n^spiration or not. 

Mdhodft, These were mainly taken over from earlier investiga- 
tions at this laboratory. Tlie seedlings (spring wheat) wc^re grown in 
])hoto-tliermo8tat s (illuiiiination 17 hours a day at c. ll'^ C) and com- 
plete nutrienl Solutions. After 13—3 weeks th(^ roots have a suitable 
huigth of 12—15 cm. »Low-salt roots» are obtained after transference 
of the plants to distilled water for one or several days. Tlie illumi- 
nation of (»ourse continued diiring this treatment. In some cases 
tlie ])re-treatment also ineluded one or two days in 0.02 m. glucose. 
8 uch roots are exceedingly poor in nitrat/C (11). 

The experinuuits were performed with intaet plants, detaethed 
roots of 60—80 mm. lengtli or shorter zones of 20—30 mm. length. 

A number of absorption experiments were set up usiiig iest tubes 
holding 10—25 cc. solution. The tubes were rotated on an axis of 45° 
to the horizon. For a simultaneous determination of absorption 
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Fig. 1. A suitable d^vice for the transferaiice of an aliqnoto ])art of the tost solution 
(50 oc) into a 25 oc. flask. Thp amallor fläsk is at tho boginiung fillinl with nitrogon. 
A platinum net in tho outlet tubo of the 50 cc. flask provents the out-flow of tho 

roots. 

and 02-(‘'Onsuniption Pyrex fläsks of 50 cc. volmuc wen» iised. The 
fläsks are provided with gronnd glass stoi)per8. ('are is taken that 
110 air bubbles aro left after closing. The Solutions wen^. teinpe- 
rated before filling up the fläsks and introducing the roots. For 
iiieasuring the salt absorption as a decrease of tln*. (koncentration 
of tho solutiou the roots were rapidly rinsed with the same solulion 
before the setting up of the experiment. The closed fläsks w ere slowly 
rotated on a horizontal axis in a room at constant temx)(‘ratur(‘ 
(usuaily 20^ C). 

The respiration was measured as Og-consuniptioii (imdhod of 
Winkler) on an aliquot i)art of the sainple. In order to avoid an 
Og-öxehange with the air the solution was transferred to a 25 cc. 
flask by ineans of a double rubber stopper device (see fig. 1). The 
smaller stojipor is put into the mouth of the 25 cc. flask and Og-free 
nitrogen is blown through. The glass stopper of the 50 cc. flask, with 
the sample, is replaced by the second rubber stopper of the filling 
device and the whole assembly is reversed (see fig. 1). The solution 
then begins to flow from the 50 cc. flask into the 25 cc. flask, the 
out-flown quantities being substituted by nitrogen. The roots are 
held back in the original flask by a platinum net fixed into the 
outlet tube. 

By means of this simple device the sample is divided up into two 
portions, one for the Og-determination, the other for analysis of the 
solution (determination of remaining salt ions, eventually of evolved 
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OO 2 ). All Solutions were aerated before the setting up of the experi¬ 
ments. The normal content of oxygen in 1 litre water at room tem- 
peratiire is 0.24 millirnoles. A flask of 50 cc. voluine thus contains 
c. 0.40 mg. or c. 12.5 fxrnol. O 2 . As a rule less than 50 % of this quan- 
tity was eonsumed during the experiments. 

As the investigation deals with the quantitative relations between 
anions and respiration only the anions of the salts were deterrnined. 
Both nitrates and chlorides were used, mostly as potassium salts 
or in some cases as a mixture of 4/5 potassiiuri and 1 /5 calcium salt. 
IN o special influence of the cations was observed. Nitrate was de- 
termined with diphenylamin sulfuric acid or phenolsulfuric aeid. 
Only the last named method is quantitative, but diphenylamin 
rendered good service for the analysis of small zones of roots (see 
fig. 4). These deterrninations were performed in microcuvettes, the 
Hilger-Spekker absorpt iometer being used for the colorimetric 
work. All manipulations must be made exactly identical and the 
(‘.olour measured immediately after dissolution of the root substance 
in a. surplus of diphenylamin sulfuric a(*id. All attempts to get ac- 
curate quantitative results with Solutions (mostly 0.05 mm.* in 1 ce. 
reagen! ium) by means of this method failed. Kevertheless an average 
of prelimiiuiry scTies yielded figures of nitratc absorption of the 
same magnit ude as th(^ results of the phenolsulfuric acid method. 
Th<^ latter was used in the published experiments, liowever. Owing 
to the non-linear course of the extinction curve of the yellow colour, 
measured in this ni(‘thod, one must always (“alculate with a me*an 
error of a few per c(*nt in singh» deterniinations. 

In some preliniinary experiments cliloride was deterrnined nephe- 
lometrically as AgCl. This method enables determinations down 
to 0.0001. m. but it suffers fiom se v eral sour(‘es of error, e. g. the 
time fa<*tor of fiocculation and the influ(*rice of other colloids present. 
Also in this (*ase, however, the preliniinary experiments yielded 
vallies ('omparable with the defiuitive oncs. In the xmblished ex¬ 
periments (*.hlorid(‘ was determimd electrometrically (see 20) by 
titration with AgNOg. Th<» accuracy of tliis method is sufficient to 
determine the absorption from 0.001—0.005 m. cliloride Solutions. 
Tn stronger Solutions the decrease in conceiitration, caused by the 
absorption from the roots, is too small to enable significant differen- 
ces. It/ must be r(‘membered t hat the vmlume of the test solution 
must be sufficiently large in comparison to the voliime of the roots 
to secure a normal aeration. As a rule the roots from 15 seedlings 
with a dry weight of 10—20 mg. need a minimum of 10 cc. aerated 
solution. For measurements of the absorption of ehloride from more 
coneentra-ted Solutions (0.01—0.05 m.) the roots were boiled in 
a small quantity of distilled water and V\ was deterrnined in the fil¬ 
trate, the extract of untreated roots sorving as control. 

Owing to the inaccurateness of determinations of the fresh weight 
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of rootB all values of Og-absorption and absorption of anions ref er 
to 10 mg. dry weiglit (drying al 105° C.) and one hour. The timo of 
experiment was usually 2 hours. 


TI. Experimental Part. 

a. Time Course of the Cl Absorption. 

The absorption of anions from roots wliich wore transf(‘rred from 
distilled water to a diluted solution of K(31 ( 0.001 in.) was ineasured 
in intervals of 10 minutes. A bundle of roots, eut off from a bunch 
of 15 seedlings and measuring 60—80 min. in length, was submerged 
in a test tube holding 10 or 20 cc. solution. In order to elirninate 
a possible dilution of the test solution in the first interval by water 
adhering to the roots thcse were rapidly rinsed in 0.001 m. KCl be- 
fore the experiment. This means that the priinary non-metabolic 
adsorption ( 11 , 12 ) is not included in the absorption figures of the 
first interval. After 10 minutes the root bundle was moved to a 
new tube with fresh solution and so on diiring a total time of 60— 
70 minutes. The absoriition was caleulated as the loss of Cl from the 
Solutions. 

The results from three single experiments are plotted in fig. 2 . 
Very little (‘hloride is absorbed in the start period 0—10 min., but 
from here the curve rises rapidly. The full speed of absorption is 
attained in the period 30—40 minutes, but in the experiments with 
20 C(\ solution the absorption reaches the. upper limit already in 
the interval 10—20 min. 

Ex])eriments on bleeding ( 10 , 11 ) t(wh us that saJt-s ra])idly ]>e- 
netrat( the root tissue. Jt usually takes less than one hour, some- 
times only 10—20 minutes, before salts absorb(‘d at the surfae.e ap- 
pear in the bleeding sap. Even the transport of inhibitors, e. g. (*ya- 
nide, fluoride, iodine aeetate (see 14) i)ro(*-eeds with remarkabh^ 
speed. It is to be assumed that the start phase of the anion absorp¬ 
tion ineludes both ion exchange processes (the »non-metabolic stage») 
and an adjustment of the respiration to the ine.reasing availability 
of salt anions. 

After e. half an hour the absorption runs with ai)proximately 
constant speed, viz. e. 0.50 to 1.50 yjnoL 01 per 10 mg 1 hour. The 
specific intensity of the absorption varies of course owing to the 
original salt situation of the roots, viz. the pre-treatment. The tem- 
perature is also influential. An important factor is the length of the 
cut pieces (see below). 

The approximate constancy of the absorption in the single expe¬ 
riments lasts at least four hours. In one time experiment the ab- 
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Fjg. 2. Tho tim<^ fourso of the abKorptioii of thf» roots of 15 rteedlmgs. Threo 
Horios: i and < 10 cc. sohition in cuicli intonal of 10 minntes, O 20 cr. solution. 


sorption ainoiiiitod to 0.050 |iniol. V\ duriiijr tho first two liours and 
0.51 [xmol. durin^^ tlio following two. Jn auorlier oxperinient tlie 
(‘oiTospondin^? fi,i?nres woro 0.50 and 0.57 [xniol. Cl 10 m^^ 1 hoiir 
respooti^idy. TIioho oxp(‘rirnonta wore porforniod in lubes holdin;^ 
10 (*c. 0.005 in. K(1 al Earlier experiments (9) liave shown 

that th(‘ respiration of isolated roots, g:ro\vn under standard eondi* 
lions a t the Institute, remains eonstant diirin^ at least six hoiirs. 

The tiine eourse of tlie anion absorption sliows that experiments 
on q an/Oo ou^lit to last at least. 1 \'2 ^ hoiirs and that results 

from siniile e.xp(*riments e,an be eompared only if the tinie of expe- 
rirmmt is the same. Experiments in lar^jer vessels, with eirculation 
of the solution, an^ t<i hv prefiured. As the definitive experiments 
were earried out in 50 ee. fläsks rotatin^ durin^ two hours the con- 
stant error from the start }>eriod is insi^iiifieant. 

b. The Influence of the Coneentration and the 
Internal Exudation (Rleedin^). 

The author\s previous exxierimeiits showed that variations of tlie 
coneent ration of tlie medium did not aj>preciably influence the ve- 
looity of absorjition as long as Solutions not strong^er than c. 0.0025 m. 
were iised. A t an inerease of the coneent ration to 0.01 and more, 
however, the quantities absorbed per unit of time au^mented. 
Later Kobertson’8 extensive experiments clearly demonstrated a 
risin^ of q an/Og at hi^rher (‘oneentrations. Thia inerease eould not 
be ascribed to an in(*rea8ed non-metabolic absorption. This was 
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shown by Eobertson, and previous investigations of Hoagland and 
Broyer also pointed in the same direetion. The author made some 
experiments witli strong Solutions of chloride to whicli 0.001 KCN 
was added. No measurable absorption of chloride could be detected 
in these experiments. 

New experiments yield the following average figures for the Cl 
absorption at rising coneentration of the medium: 

C^onc. of KCl 0.001 m. 0.01 rn. O.Oö m, 

abs. Cl [imol. 10 mg. 1 h 1.17 1.30 1.60 

Whole root bundles were used in these experiments. The influence 
of the coneentration is considerably less promin<mt than in the ex¬ 
periments of Eobertson with storage tissue (26), a faet which is 
jirobably partly caused by the same eireumstanees which impede 
the attainment of top values of q an/Og. 

A problem of eoiisiderable importaiice in experiments with (*ut 
roots is the contiiiuous loss of salts throngh bleeding. All wheat roots 
bleed if they are cut off from the plant. The bleediiig sap holds mi¬ 
neral salts, primarily KNO 3 (11). But newly absorbed salts, e. g. 
chlorides, are also recolleeted in the sap. In all experiments with 
cut root^ and especially roots cut in zones this inexitable loss must 
be taken iiito consideration. 

Errors are most likely to arise in respect of nitrate absorjitiou, 
becaus(‘ wheat roots store large quantities of NO 3 and (‘on 8 <‘qu(‘ntly 
bleed a diliited solution (‘ontaining this ion even after a piTiod of 
several days in distilled water ( 11 ). 

8 ingle roots bleed on an aviTage 2.04 mm.*^ per hour. At a nitrati» 
coneentration in the sap of 0.02 m./litre (see 11) about 0.05 [jimoL 
NO 3 are exuded per hour. The dry weight of a root of 60 mm. lejigth 
is on an average 0.54 mg. If the exudatiou per 0.5 mg. dry weight 
amoutits to 0.05 {xniol. NO 3 it rises to c. 1 (jimol. pc^r 10 mg. and 1 
hour. This value is of the same luagnitude as tlu* observed absorp¬ 
tion of NO 3 or Cl. 

This caleulation shows that determinations of tlu» aidive NOg- 
absorption in intervals exceeding one hour are iinpaired by serious 
errors. Whole roots give somewhat better results than shorter 
pieces because these partly bleed at both ends (see below) and tlie 
distance of transport through the tissue is shorter. 

In respect of Cl prospeets are more promising, because the roots 
contain very little cbloride from the beginning and this auion is 
less movable than NO 3 . Bleeding experiments show that ineasur- 
able quantities appear in the sap 2 hours after the roots have been 
placed in a diluted solution of KCl, but only a minor part of the ab¬ 
sorbed quantities are exuded in the first 5 hours. If the time of ex¬ 
periment does not exceed 2 hours the errors caused by exudation 
from whole roots probably stay below c. 10 %. As a rule experiments 
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with intaet plants are to be preferred, but the determination of the 
oxygen consuniption is an intricate problem under these circum- 
stances. Some experiments in which intaet plants and detached whole 
roots were compared did not give a distinet answer to tlie question 
of losses from bleeding as far as chloride was coneerned. On the 
other hand zones of roots of 20—30 mm. length always give lower 
values of q an/Og than whole roots (see below). 

c*. Q an/Oo in Series with KON. 

The aim of these experiments was a more detailed investigation 
of the quantitative relations between the absorption of anions and 
that part of the aerobie respiratiou which functions as an energy 
delivering system for the a(*eumulation work. 

The fundamental question as to i\w existence of two separate 
mechanisms of aerobie respiration in the roots, distinguished by 
thoir res})onse to eyanide, has been thoroiighly dealt with in previous 
eommunieations. The previous experimemts (16) were exelusively 
performed with alkaline Solutions of KON, th<‘ pH of which varies 
from S.l at 0.00001 m. to 9.6 at 0.001 rn. KON. Exj)eri(‘n(*es of tliis 
Tjaboratory have s]K>wn that a pH of 9.6 does not (^hange the resi)i- 
ration of the roots (see 17). But reeent studies on the effeet of in- 
hibitors (14) ernpliasize the irnportanee of the dissociation, because 
moh*(*uh*s of weak acids as a rule penetrate the epidermis mueh more 
rapidly than anions do. As the pK-value of Jiy droeyanii* aeid amounts 
to 9.1 a eonsiderable ])art of the acad is dissociated iii Solutions of 
K(^N. Jii some new^ experiments the effeet of KON of pli 9.6 was 
<‘onipared with that of a mixture of equivalent quautities of KON 
and HOl (pH 7) in which the cyan is present (»xclusively as HON- 
inoleeiiles. The inhibitory effe<*t of this mixture is very strong. 
Owing to the volatility of the add these experiments were perforined 
ill closed fläsks. 

As an average of five expeu-iments tlie following figures were ob- 


t ained; 




Zono 0 “30 

Zono 30—00 mm. 

HoHpiration in O.OOl m. KCN pH iHi 

1 19 

0.84 

» » 0.001 m. IICN j>H 7.0 

0.84 

0.79 

» » aqiia dofit. 

2.40 

1.42 


All valuoft in jiino! Og por 10 mg. 1 hour. 

These results show' no significant rise of the HON-inhibition in 
the zone 30—60 miu. The tip zone 0 —30 min., however, shows a 
elear difference. The ground respiration in K(^N is c. 40 higher 
than in IION. The value in IK^N on the other hand is the same as 
the ground respiration in the zone 30—60 min. We conelude from 
these figures that the ground respiration^ viz. the non-eyanide-sen- 
sitive aerobie respiration, is the same in the tvhole root, the tip zoin». 
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Fig. 3. l^ecreasirig re^piration (Og-consumption) and Cl absorpiion from 0.005 m. 
KCl at moreasing inhibition by oyanido. The determinations of tho (d absorj^tirm 
and the Oj-conHumption wore mado in separatp, paralloll »erios. Values in the* 
absenco of cyanido — 100. 


howover, ia providod with a third type of aorobic respiratioii. This 
UMrd respiration» is completely inhibited only at a high concontra- 
tion of hydrocyanic aeid. 

The sensitivity of the anion respiration to cyaiiido (or iizide) is so 
I>ronounced that it is completely checked by 0.0001 m. KCN of pH 
8.55 (see fig. 3). Only enzynies operating with active iron are known 
to exert such a high sensitmty to cyanide and our n^sult s t hus 
strongly support the assimiption of the identity of the anion respi¬ 
ration wilh the cytoclirome-cytochromeoxidase system. 

The tlieoretically imiiortant question of the behaviour of q an/Og 
at gradually proceeding inhibition of Hic anion respiration was 
pursued in several experimental series. 

The respiration and the absorptiou of anions weT<* measured in 
parallel series, one (for the 02 -(*<)nsumption) in closed fläsks, the 
other (for the absorption of anions) in open test tiibes. Both these 
series induded nitrate and chloride and whole bundl<^s of roots were 
nsed. In order to avoid errors from bleeding (see above) the ex¬ 
periments in Solutions of KNOg and Ca(N() 3 )a were performed 
with small root bundles in narrow tubes holding 5—10 ee. The cut 
ends of the roots emerged above the solution and were wrapped in 
cotton wool, thus preventing the bleeding sap from flowing back to 
the solution. The average results are shown in table 1. The ground 
respiration is taken as the Og-consumption in 0.001 m. The 

anion respiration is the amount of respiration exceeding this value- 
(see above). 
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'Table 1. O^-Consumption and Absorption of Antons {from 0,005 m. 
Solutions) in separate Series with Nitrate and Chloride at 
Increasing Inhibition by KCN. 


[imol, 10 mg. 

1 hour 

Salt 

aloiie 

Salt-f 
0.00001 m. 
KCN 

Salt-f- 
0.00003 m. 
KCN 

Salt + 
0.0001 m. 
KCN 

Salt -f- 
0.001 m. 
KCN 



A. KNOa-series. 



NO 3 

1.15 

0.92 

0.42 

0.07 

0.00 

O 2 

2.02 

1.62 

1.18 

0.84 

0.81 

Anion reRpiration 

1.21 

0.81 

0.37 

0.03 

1 

0.00 

q an/Og 

0.95 

1.13 

1.13 

! 

1 insignifieant j 

— 



B. KCl-series. 



(U 

1 1.52 

0.87 

0.31 

0.04 

0.00 

O 2 

’ 2.18 

1.02 

1.18 

0.84 

0.81 

Aiiion respiration 

1.37 

0.81 

0.37 

0.03 

0.00 

q an /(>2 

1.11 

0.83 

0.84 

insignifieant 

— 


In thes<* seric‘8 q an/Og varies aroiind the value 1. The inean value 
iH 1.07 in the NOg-series and 0.93 in the Cl-series. The variation 
between differeiit steps of inhibition is probably at randoni. 

In the oripnal pax>er of Lunbeoardh and Bi^rström (15) the 

, resT)iration , , , . . ^ ^ 

quotient k- ^- liad a A^aluc of e. 2 for Is O, and e. 3 for 

a 1110118 

01, correspondinjr to q an/Og ^ 0.5 and 0.33 respeotively. ThoKse 
experiments were performed with intaet plants; taken direetly 
from a niitrient solution, and the tuiie of observation was 20 hours. 
Moreover the eoncentration of the medium was low. The approxi- 
mate identity of the Q-values for NDg and 01 in the new series (table 
1) (uinnot b(‘ attributed to experimental errors, beeause speeial care 
was taken to eliminate the iiifluenee of tlie bleedin^<. In the new 
experiments the coneentration of the Solutions was hi^her than in 
the old ones and the Solutions were stirred. Our conclusion is that 
the Q-values are iiear to tlie top value at which univalent anions are 
transported in equivalent quantities, 

The series in table 1 were eompleted with one series with simulta- 
neous determination of respiration and absorption of anions (see 
table 2), These experiments were performed in 50 cc. fläsks (see 
p. 376). 

The values of q an/Og hero aniount to 0.90, being thus only 





384 H. Liuideg&rdh 


Ta*ble 2. Chloride Äbsorption from 0.01 — 0.02, m. KGl+Ca Cl^ and 
the simultaneous Oasygen Consumption in Whole Detached Boots. 
Average of Four Experiments. 


jimol. 10 mg. 

1 lioiir 

Salt alone 

Salt+0.00001 m. 
KCN 

Salt+ 0.00003 m. 
KCN 

Salt+ 0.0001 m. I 
KCN ; 

1 Ci 

1.59 

0.89 

0.29 

0.00 * ' 

O2 

2.73 

2.00 

1 

' 1.34 

1 i 

1.01 

Anion respiration 

1.72 

1 

0.99 1 

i 

0.33 ! 

1 


q an/02 | 

0.93 

0.90 j 

0.88 j 

— j' 


slightly lower than in the previoiis experiments. (-onsiderinj^ the 
difference in experimental technique between the two series (table 
1 and 2 respectively) the agreement is good. The chief eause of the 
somewhat lower Q-value in table 2 is probably the restitution of Cl 
to the solution by bleeding (see p. 380). The results in table 2 elearly 
provo the elose quantitative relation between the anion respiration 
and the äbsorption of anions. The decuvase of äbsorption closely 
follows th(^ increasing inliibition of the Oa-consuiuptiori. 

Previous invovStigations (16) sliowed a slight stiinulation of the 
evolution of CC)^ at very low quantities of KCN (see fig. 8 in 11). 
Machlts (19) mentions a similar stimulation of the Oa-eonsumption 
in roots of barley. 1 have not been able to (*onfirni Ma-clilis’ results 
as to this point. Tables 1 and 2 show no inerease of the oxyg(ui 
consumption above the value of the eontrol. Any »uiiprojtort ioiuilly 
large inhibition» of the äbsorption of anions just in tlie beginning 
of the inliibition by eyanide probably does not exist. Pcdli eiirves, 
that of the Cl-absorption and that of the anion resfiiration, deelim* 
uniformly, a lag of 50% laung realized already in 0.00001 m. KCN 
(see fig. 3). The passing stimulation of the COa-evolutioii has noth- 
ing to do Mdth the oxygen respiration. Ii appears as a parallel to tlie 
stimulation of the ble(Mling under the influenee of JI(.’N (14). The 
bleeding is linked to the anaerobie.al glycolysis and tlu^ transieiit 
inerease of the (Xlg-evolution is probably a Pasttmr effeet, viz. a 
8 lack(»ning of the ndarding influencH* on the glycolysis from tho side 
of the active eytochromeoxidase. 

It was mentioned above that in whole roots, cut off to a length 
of 60—80 miri., the ])ossible error arisiiig from bleeding is low (in 
experiments with chloride). This is presumably not the case with 
shorter ])ieces of roots. A series of experiments as to tho HCN- 
inhibition of separate zones showed low values of the apparent Cl- 
absorption. q an/Og was on an average only 0.50 for the zone 0—80 
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Fig. 4. The cerit(*nt of NO 3 iii lootH tdikeri direetly froin the nutrient solution 01 * 
treatecl vi’ith 0.02 in. glucose during vtirying periods. Analyses porformed with 
diphenylaiiiin sidfurio aoid. 


jiiiiK and 0.50 for the zoiie 30—f>0 iniii. {gee helow under e) in spite 
of the fiict tliat hi^li eoneentrations of the inediuin were use4. 

(^oinparativ(‘ly low Q-values wen^ also obtained in one series in 
wliieh orjLranie a(*ids (funiaric, nialonie) were added to^xetlier with 
KCi (q an/O 2 - 0.10 to 0.00). Orpuiie a(*ids as a rule retard the ab- 

sorption of mineral anions and freqinuitly also the total respiration. 
Hut in this ease, os in the (^xperiments with zones of roots, the quo- 
tient nev(‘rth(‘less remoined eoinparatively eonstant under the in- 
fluenee of different treatnnuits. Tlie resnlts tlius eonfirm the ear- 
li(T fiudin«j:s of a mass-relation betwaaai absor])tion of anions and onc* 
fraetion of tlu' aerobie respiration. TIk» lowerinjj: effeet of t he or^anic 
aeids on q an/Og ean be <*\])lained as a (*ase of eonix)elition between 
salt anions and org:arue. anions. These resnlts tally witli the obser¬ 
vation t hat the blec*din<^ d<»ereases if the roots are fed with fumaric 
aeid (14). 


d. The Hes pir a tion in Dis t il led Water. 

On tlie basis of the pre(‘edin;x diseussion tw^o possible causes of 
the dw'-respiration are eoneeivable, viz. tlie internal transportation 
of salt anions and the i)artieit)ation of native ions. In order to eli- 
minate, as far as possible, the influeiice of salts eirculatin^^ in the 
root tissue plants w^ere irn estigated in inereasin^r de^rees of hunger. 

Figfs. 4 and 5 show" twa) series of experiments in wiiich the roots 
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/A,nct.l^O^ ^Ca(^)i s^oHrs 



Fig. 5. The content of NOg in roots, desaltod in aqna dcst. and then transforred to 
0.02 in. Ca(N03)2 for 3 hours. 


were cut in segments of 5 mm. length and analyzed for N^Oa- The 
plants had been treated witli 0.02 m. glueose at intervals of inereas- 
ing length. Taken directly from a nutrient solution the roots contain 
eomparatively bttle nitrate in the tip zone ( 0 —5 mm.; e. 0.005 jxmol. 
NO 3 ). Prom liere upwards the conf^entratiou of nitrate rises rap- 
idly, iintil a level of 0.04—0.05 [xmol. per zone of 5 mm. Jength is 
attained at a distance of 20—25 mm. froni the tip. Above 25 mm. 
the concentration of nitrate is approximately eonst-ant or still in- 
ereases some^what up to a height of at least 100 mm. (sc^e fig. 2 in 11 ). 

If these roots, well charged with nitrate, are transferred to distilled 
water the stored quantities of nitrate slowly disappear again, aociord- 
ing to the exudation into the stele, preferably in the zone 10—30 mm. 
from the tip (13), and to the growth. In previous experiments (11) 
the (‘oncentration of nitrate in the lower 0—20 mm. of the roots 
sank from 100% relatively to 20% after 4 days growth in distilled 
water, The series represented in fig. 4 sliow an almost complete 
disappearance of nitrate in these zones after 30 hours in glucose. 
Already after 11 hours nitrate is found only in the zones above 
10 inm., and the small quantities left illustrate the rapid transport 
downwards. From the strong reduction of the exudation of nitrate 
in the bleeding sap (see 11 ) it must be eoneluded that most of the 
nitrate is consumed in the synthesis of amino acids and proteins. 
In distilled water the roots bleed moro nitrate (11) but on the other 
hand the nitrate assimilation is more limited in this case. The lower 
curve in fig. 5 shows that under these cireumstanees more nitrate is 
left in the upper zones. Only the lower 10 mm. are (»ompletely ex- 
hausted after 2—3 days growth in distilled water. 

The influenee on the respiration of a prolonged treatment of the 
main zones of the roots (0—30 and 30—60 mm. respectively) with 
distilled water and glucose was studied in a series of experiments 
computed in table 3. 
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similar to tho anion respiration. Experiments show that it is almost 
completely inhibited already in 0.0001 m. KCN. Separate experi¬ 
ments also show that an addition of neutral salt to the KCN-solution 
does not influence the rest of the respiration. The fi^ures in table 3 
reveal a general trend of sinking of the respiration at a prolonged 
stay in distilled water. This is not, or only to a smaller extent, due 
to a decrease of the ground respiration. The major part; of the de- 
crease is due to ihe sinking dtv-respiration, a faet whieh is most elearly 
seen from the last coluinn in the table, in whieh the dw-respiration is 
ealeulated in per cent of the ground respiration. The decrease of the 
dw-respiration is nevertheless less pronouncfd than the decrease of 
mtrate ions, meutioned above (fig. 4—5). From tlu^ figures of rela- 
tive dw-respiration in table 3 it seems justified to draw tlu». coii- 
clusion that the dw-respiration does not sink under a bottoin raluc of 
c. 60 % even after long »desalting». Because n complete d(‘salting 
is not obtained even after 4 days in distilled water and 30 hours 
in glucose, however, the possibility remains that a eertain fraction 
of the bottom value of the dw-respiration still refers to a HMluced 
transport of mineral anions. But it is reasonable to assume that the 
60% dw-respiration is chiefly concerned with a transport of native 
anions. 

It ouglit to be considered that the displacement of salts from one 
point of a tissue to another cannot induce a change of the total 
anion respiration of the tissue, because the anion respiralion varies 
parallel to the concentration of transportable anions and a loss in 
one part of the tissue is compensated by a gain in another part. A 
change of the anion respiration can only re.sult from a (‘hang(* of the 
total quantity of transportable anions, e. g. by absorption from the 
niedimn (•-■ increase) or exudation by sap movement or bl(*eding 
(= decrease). At the top value of the anion r(*spiration it is to be 
assumed that all active Fe-atoms are agitated and this top valin^ 
then reflects the total quantity of enzyine and eoncomitantly its 
specific activity (—number of valency changes per time unit). 

We have already emphasized the fact that the bottom value of 
the dw-r(‘spiration is comparatively high in spite of the rapid dis- 
appearance of the NOg-ions. But the undeniable fact that the dw- 
respiration on an average decreases after treatment with glu<a)se 
ought to be compared with the almost complete disappearance of 
i^Og-ions following this treatment. A eertain fraction of the dw- 
respiration is always condueted by mineral anions. The »native 
anions» in charge of the »bottom value» of the dw-respiration prob- 
ably comprise anions of organic acids. 

Koots of wheat eontain large quantities of nialic acid (2). As suc- 
cinic acid dehydrogenase does not participate in the aerobic respira¬ 
tion (14) probably little fumaric acid and succinic acid are present. 
At the normal pH of the protoplasm of wheat (probably c. 6.2) malic 



Quantitative Relations Between Respiration and Salt Absorption 389 


acid is completely ionized, at least as monovalent ions, and no sin- 
cere objection can be raised against the assumption that theso anions 
compeie witli mineral anions in their balancinj? effect on tbe electron 
transference of the eytochrome-cytochromeoxidase systern. Accordin^? 
to the investi^ations of Burström (2) the eoncjentration of malic acid 
in the roots is re^ulated by the acid: base equilibrium, the quantity 
increasin^ at predorninant accumulation of mineral cations, e. at 
rising pH of the medium, and decreasin^j: at overwhelming accumula¬ 
tion of anions, e. at sinkin^^ pH of the medium. A number of 
experiments wcre performed in media of basic and acid rcaction in 
order to test the probability of the hypothesis (table 4). 

The ('xi)erinients in table 4 clearly d(unonstrate a fundamental 
influenee of the aeidity on the dw-respiration. Already the immediate 
influence of an acid medium or acid bicarbonate) lowers 

the respiration in comparison to t he (iontrols in dist illed water. A 
sij^nifi<‘.ant increase in alkaline KHOO.^ Avas not observed. 8 eparate 
ex])erimentH Iiave also shown that the presence of KHOO 3 to^etlier 
with KC\ does not alter t he absorption of chloride as compared with 
KCl aloiK'. A y>rolonaed treatnuMit with KHOO^ only raised the dw- 
n^.spiration from 122 % (2 days in distilled water) to 131 % (2 days in 
KlirOg) in zone 1 and from 129 % to 132 % in zone TI (see tables 
3 and 4). It was pnniously shown (7) that cations are absorbed 
from biciarbonate Solutions. The maintenaruu) of the iiiternal balance 
of ions thus (hunands a correspondin;^ iacreas(‘. of tln^ orgauic acids. 
From the exj)eriments the conclusion can be drawn, however, that 
an increase of orjunniic acids in the roots above the value attained 
in normal nutrient Solutions is limited. The comparativ^ely weak 
bufferint; capacity on the alkaline side is refleeted in the pH of an 
(»xtract of the roots in boiling water. Koots growii for two hours 
in aqua dest. ^>:ive an extraet of pH 0.9. After 2 hours treatment 
in 0.005 m. KllCOa the pH amounted to 7.30. 

The existence of a st ronder bufferin*^ capacity 011 the acid side aj)- 
pears from th<» faet that root extracts after 2 hours’ treatment in a 
solution of carboni(* acid (pH 4.3) did not show any cliange of pH; 
it still amounted to 0.9. 

Two days’ treatimmt with 0.0005 m. HOl, a eoneentration which 
does not kill the cells even if the ^rowth is impeded, had a tremendous 
effect on the dw-respiration. In zone I it was lowered from 122% 
to 33 % of the ^»Tound respiration, in zone II from 129 % to only 11 %. 
It is observed that the p’ound resynratiou also chan^t^s, but to a 
smaller deiifree. A similar observation was made in the experiments 
shown in table 3. This behaviour of the j^round respiration has not 
been further investigated. 

From previous experiences it is well known (9) that roots exude 
metallic cations, primarily potassium and calcium, in a solution of 
diluted HCl or even in distilled water+ carbon dioxide. This exu- 
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Table 4. The Influence of an Aeid or AlJcaline Medium on the 

dw-Eespiration, 

A. Whole roots placod du*ectly in the foUowing Solutions. 



COa-f-Oa 

Ca(HCOs)« 
+ CO, 

Aqua dest. 

KHCO3 

KOH 

CaCla 

pH 

4.3 

6.4 

7.0 

9.5 

10.7 

_ 

Rel. respiratioii 

86 

94 

100 

103 

10] 

167 


B. Zonos I (0—30 min.) and IT (30 - 60 mm.). Intact roots held in acid or 
alkalino Solutions during two days. Kespiration of zones thon deteiTnined in 
distilled water and 0.001 in. KCN respectively. 


Pro-treatment 

0.0005 

m. HCl 


0.005 

m. KHCO3 1 

pH 

3.7-~4.2 

du^-resp. 


9.5 ! , 

dw-reap. 

Resp. medium 

aqua 

0.001 KCN 

% 

aqua 

10.001 KCN 

Zono 1 

1.97 

1.69 

0.28 i (33) 

2.19 

! 0.97 1.22; (131) 

Zone 11 

1.16 

1,07 

0.09 (11) 

1.44 

i 0.62 0.82,(132) 


dalion of cations, which is not accompanied by a similar exudation 
of aiiions, woiild lower the internal pH if a corresyionding^ quantity 
of organi(*. acids was not simultaneously destroyed. 

Even if no Chemical deterniination of the quantitative variations 
of organi('- acids was perfornied the results quoted in table 4 support 
the assumptioii that the main part of the dw-respiration is linked to 
the presenoe of movable anions of organie atads. ()rgani(‘. a(;ids prob- 
ably ('ooperate in the building iip of a suitable osinoth^ vahie in t lic* 
zoiie of stretching (»Ötreckungswaehstum»). Th(*y certainly play an 
important role in eliminating the surplus of inetallie (jatious, espc*- 
cially potassium, Avhich is continuously developed owing to the pro- 
teinization of NO 3 . Earlier experiments (11 p. 12, fig. 2) hav e shown 
that K and NOg are present in approximately equivahuit quantities 
in zone II (above e. 30 mm.) In the tip zone I the com entration of 
nitrate ious sinks far below that of potassium (at 0—5 mm to hvss 
than 20%). After treatment with distilled water during 3—1 days 
potassium strongly dominates in the whole region below 40 mm. 
This faet explains the observation that the bottom v^alue of the dw- 
resiiiration is higher in zone I than in zone II (see table 3). At very 
far going desalting (4 days in aqua -f 1 day in glucose) both zones 
have obviously come down to the bottom value, viz. a eompensation 
of exceeding metallic cations by organi c anions also in the higher 
zones. Comparatively few cations are exuded under these circum- 
stances. Only in an acidified medium do appreciablc quantities of 
metallic cations disappear as a consequence of which the level of 
organic acids goes down (table 4). 
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e. Significant Bifferences between Zones I and IL 

('Omputing average figures from the experiments presented in 
table 3 we get the following characteristics of the zones (see table 5). 

Table 5. Charaeteristics of Zones I and II (Average Figures), 


Zono I (0—30 mm.) il Zono II (30—60 mm.) 


1 

Growri iii 


R(*spiraiion 

in ; 


HoH}>iration 

in 


Aqua 

O.OOl m. 

' 

O.OOl lu. 1 

Aqua 

0.001 m. 

(».001 111 . 


KON 

IICN 

KCN 

H(\V 

1 

1 Aqua dost. 

2.90 

1 1.47 

' 0.94 

1.59 

0.70 

0.88 

' A(]iia dost. i- suj?ar | 

2.22 ! 

1.48 

1 0.91 

1.45 

1 .0() i 

i 0.80 

Cl absorb. jiinol. 

10 mg. 1 h 


0.52 



(».55 



The groiind respiratioii is identieal in both zones, viz. all parts 
of the root up to 00 iiim. from the tip respire with the same intensity 
per unit dry weiglit and time. The dry weight is <*.ompo8ed of proto- 
])lasm, dissolved e-ompounds in the vaeuoles, and (udlulose (+other 
Wall 8ubstan(‘es). As the per(*entag(‘ of the latter is not lower in the 
up{)er ])art8 thun in the lower ones it must be coneluded that the 
ground r(‘spiratioii in the protoplasm of zone II runs at least as fast 
as in zone I, probably a little faster. 

The two other aerobio prooesvses, viz. the anion respiration and the 
»third respiration», are superposed upon the ground respiration. 
A fundamental difference exists bidween the zones in respect of 
tliese su])(Tposed prooess(*s. The third respiration does not appear 
in zone IL only in zone I. It amounts here to c. 50% of the ground 
respiration. 

The dw-respiration is nearly twiee as high in zone I as in zono IT. 
This fa(d was explained as a eonsequence of the higher demand for 
organi(i aeids in the tip zone. 

Both zones on an average absorb equal quantities of eliloride 
from KLl+LaCla- The eorresponding anion respiration is also tlu' 
same, l.li4 and 1.3L p, inol. (>2 respeetively, q an/Og amounting 
to 0.413 in both zones (another series yielded the quotients 0.50 
and 0.50 respeetively). 

Wc hav(' already inentioned the faet tliat q an/Og remains at a 
mueh lower value in shorter zones than in whole roots, obviously 
as a eonsequence of the cutting and losses through bleeding. To 
judge from the identieal Q-values the losses are })robably of the 
same magnitude in both zones. 
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Fig. 6. Schemaiical view of a bleeding exporimont with the zono 3d—80 mm. of a 
root. It bleedB at both endH. 


Even if comparatively little Cl is exuded from wliolo roots du^in^? 
the first two hours (see p. 380) the cuttin^( in pieces of only 30 mm. 
length reduces the distance the absorhed salts have to travel. This 
is because the exudation from whole roots only oceurs through the 
upper cut surface. 

In previous experiments (13) it was fonnd that the parts of the 
root above 30 mm. from the tip did not coritribute v(»ry mueh to the 
bleeding. New experiments have in fact shown that tlie upper zones 
release their exudate partly or even chiefly downwards, in bleediiig 
experiments thiis through the cut end remaining in the medium. 
If this end, too, is introduced into a capillary tube the »reversed 
exudation» can be measured (fig. 0). 

In one experiment a root of 80 mm. length bled 2.86 mm.^ per 
liour (measured in a capillary tube of 0.45 mm. diameter). After 
cutting ofi the lower 40 mm. the bleeding of the remaining piece 
was reduced to 1.08 inm.^ 1 hour. If now the lower end of this piece 
was introduced in a second capillary tube and the free part of it was 
bent down in the medium (see fig. 6) the bleeding of the upper sur¬ 
face rose to 1.29 mm.® and the lower end bled 1.20 mm.® 1 hour. 
The »reversed bleeding» is obviously caused by the downward move- 
inent of the salts through the (urtex, but a smaller fraction may be 
able to penetrate the thickcned endodermis and leavc the lower 
surface as a back-flow through the opened vessels. öometirnes no 
bleeding is observed in the tube attached to the lower surface, but 
in this case the bleeding through the upper surface rises, probably 
because of the prevented back-flow. In one experiment the whole 
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root (of 80 mm. length) bled 4,77 mm.® 1 hour and the decapitated 
root (30 mm. cut off) 2.92 mm.® After bending up the lower cut end 
and inserting it into a seeond tube the exudation rose to 3.71 mm.® 
1 hour. 

These bleeding experiments leave no doubt as to the pro(*.eeding 
of considerable losses through bleeding also from zone II. Judging 
from the Q-values these losses ainount to c. 50 % in two hours. 

Also if still shorter zones are taken, e. g. 0 — 20 , 20—40 and 40— 
60 mm, no significant difference was observed between them in 
respect of the net absorption of NO 3 or Cl. These expc^riments were 
performed at an earlier date and other analytical methods were 
used (see p. 377), but they nevertheless give similar figures for the 
absorption as the latcr experiments on zones, viz. 0.30 to 0.60 [xinol. 
NO 3 or Cl per 10 mg. 1 hour. 

The uniform distribution of the power of anion respiration aj^pears 
also from the following experiments. The respiration of zones of 
20 mm. length was determined in 0.005 m. KNO3 or 0.0025 m. 
('a(N() 3 ) 2 , partly alone and partly together with 0.0005 m. KCN: 


Zones 

0—20 

20—40 

40—00 mm. 

Respiration in nitrato 

2.50 

2.22 

2.09 pmol. 0| 10 m^. 1 h 

» » » -f KC^N 

1.50 

1,22 

1.03 » » 

Anion respiration 

0,94 

1,00 

1,06 » » 


Quite similar to the beha\dour of 30 mm. long zones the anion 
respiration shows a uniform distribution all over the root (up to 
60 mm.). The respiration in KCN is 50% higher in 0—20 mm. 
than in the zone 40—60 mm., quite in agreement with the previous 
<*aleulation of the third respiration. The zone 20—40 mm. behaves 
intermediately, a faet of interest beeause it sliows that the third 
respiration is not eonfined to the zone of growth only, but oeeupies 
t lie outgrown tissue uj) to e. 30 mm. from the tip. 


lir. Disciission. 

The total aerobie r(‘si)iration of wheat roots is eomposed of at 
l(*ast three separate ])roe(vsHes, eharaeterized by their rea(dion 011 
eyanide: 1 . The ground reapiration (resistant t-o 0.001 m. IICN), 2 . 
the anion [salt) respiration (eonipletely inhibited by O.OOOl m. KCN), 
and 3. the »third respiration» (inhibited by 0.001 m. IT('N, but not by 
0.001 m. alkaline KCN). 

It was previously assumcd that the ground respiration is conducted 
by enzyine systems not eontaining active iron or copper, but possibly 
mangancse ( 8 ), whereas the anion respiration was identified with 
the cytochrome-eytoehromeoxidase system. Of systems characte- 
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rized by a medium sensitivity to cyanide polyphenoloxidase has 
been identified in tissues of plants (see 1). Further studies will have 
to show if the third respiration is identical with a polyphenoloxidase 
system (cf. 18). In contrast to the ground respiration, the intensity 
of which is fairly uniform in the whole root up to 60 mm from the 
tip, the third respiration is restricted to the lower parts and is almost 
lacking in the zone 30—60 mm. 

As to the possible function of the third resjnration only hypothe- 
tical suppositions can be made. Even if the third respiration is not 
confined to the zone of growth only its possible participation in the 
limited growth still proceedinfj: durinj? the first hour in KON (see 14) 
caniiot be excluded. Furthermore it is possible that it is in som<^ way 
connected with the special form of activity of the zone 0—30 mm. 
which appears as internal exudation. This exudation in itself is on 
the other hand an anaerobi(*. process (14). Also an interaction with 
the system of organic acids has to be considered; these predominatc» 
in the tip zone. 

The ^ound respiration does not participate in the absor])tion 
and translocatiou of salts. The third respiration, tof), is not linked 
to the absorption of salts from tlie medium. This conclusion can b(^ 
drawn from the fact that the absorption of anions rnns parallel with 
the differenee between tlie res])iration in the salt soliition and the 
respiration in alkaline KtW. The third respiration is not includ(*d 
in this differenee^ The caleulated value of q an/Oa in zone 1 is ay)- 
proximately identical with the q-value in zone 11, in whi(‘h no 
third resynration exists. Also the practi<*ally identical vdocity of 
the anion absorption in the two zones 8y)eaks against a ny function 
of the third respiration in the y^rocess of salt aceumulation. 

The close linkage between the absory)tion of anions (N();j and (H) 
from the medium and the anion respiration is convincingly dtuuon- 
strated by the parallellism between tlu* inerements of inhibition of 
both processes in Solutions of of inereasing concentration. 

It was y)ointed out in the introduetion that a denionstratiou of 
q an/Og lemaining coiistant at inereasing cyanide inhibition suy)ports 
the hyy)othesis of a quantitative linkage between tln^ movement of 

- -e 

electrons in a system Fe^ * -- * Fe^ + ^ and the absor])iion of anions, 

-fe 

even if the absolute value of the quotient does not- attain the theore- 
tical value 4. The theoretieal top value can only be att ained if 
salt anions absolutely dominate in the attraetion s])li(‘res of the 
active Fe-atoms. This inay be the cas(^ in some of ItonEKTKON^s 
objeets (20, 26), viz. in well washed slices of storage tissue, whi(*h 
are placed in strong salt Solutions. Roots never reach the theo- 
retical value q an/Og == 4, in the experiments quoted the upper 
limit was c.. 1. But this value remains approximately (»onstant, as 
did also earlier lower values obtained with diluted Solutions of salts. 
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A considerable part of the experiments was devated to the elu- 
cidation of the behaviour of q an/Og. The fundamental fact that 
th(>! anion respiration is not. confined to the siirface layer of tlie root 
only but replenishes the bulk of its tissues was vindicated in previous 
publieations (11—14). All experiments support the idea that the 
salts anions in the roots nv.vi^r (*>omj)letely doniinate over other mov- 
able anions. It was furtlierinore showu that a part of the anion 
n^spiration is normally alvvays (jonnected with the internal transport 
of salt ions. Ac(‘.ordinjj: to Kobeutson (26) the ea])aeity of ion ab- 
sorption is of a similar ma^nitude in different tissues and plants 
(roots, stora^^e tissiie). But in stora^re tissue the ae-e.uinulated salts 
stay in tln^ e(*lls, as a eonsequenee of whieh the absorption slowly 
sto})s, whereas in the roots the absorbed quantities are eontinuously 
renioved by the aseendiri" sap stream and x>artly also by the ^rowinu’ 
inerist(un. 

If the anion r(*spiration is defined as the totality of oxidation 
steps (‘.ausally eonne<‘ted with a dis])lacenu‘nt of anions this definition 
includes both absorbed and transloeatt^d anions. Experiments on 
bhMMiinjj: (11, 13,14) elearly illustrate the roh* of the anion lespiration 
in providin^’ jnatcuial for exudation. If a low-salt tissue absorbs a 
definit.e (piantity of anions from the medium it is to be exi)eeted 
that tlu' anion n^spiration continues until the salts have been finally 
stored in the vaeuoles. Th(‘. fraetion of the anion res])iration endowed 
uith internal transport work is refleeted in the slowly y)roeeedin^ir 
<ie<*reas(* after returninjx the tissue to distilled water (21). fn a storajje 
tissue tln‘ final sta;^(‘ is probably attained wlnm the salt is unifornily 
(listribiited in tln* sap of tln» sin^le cells. It is then beyond the ^rasp 
of tlie enzyine systems operatin^^ in t In» protoplasm. Only small 
quantities n‘presentiii^ the exclianire equilibrium between ]m)to- 
plasm and sap will In* left, perhaps as objects of a true »idlin^^» (see 
p. 375). 

If q an/()jj is calciilat(‘d from the <|uaiitities of anions absorbed 
from the medium the si(h»-ways (»f anion res]>iralion, viz. the translo- 
eation of salts aml or^jranie acids, convey a lowerin^:: of the value. 
The value (| an/Oo 4 wa.s aecepted as a th(‘oretieal basis for our 
diseiissioii as to the e\'isten<*e of quantitative relations between the 
transport of anions and tln* respiration. If this postulate is true an 
observ(»d top value of q an/Oa “ 1 meaiis that only 1/1 of the anioiivS 
aetuallv mo^ed is represeutated by the salts whieh are absorbed 
from the. medium. The other 3/4 must be sou«:ht inside the root. 
This eondusion does not interfere with the important fact that the 
quotient q an/Og - - 1 holds eonstant at inereasinji* inhibition of the 
anion respiration. If the surpassin^ 3/4 of the anion respiration are 
fimdairientally of the s;une type as the observed 1/4 an inhibition 
must namely strike both fraetions to the same de^r(»e (see fi^. 7). 
This ar^jumentation is valid as long as no bleeding oe(*urs. If q an/C )2 
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is lowered owing to bleeding the quotient cannot be expected to re- 
main constant at inoreasing inhibition. The experiments with shorter 
zones, in which Q sinks to 0.50 or less, support this conclusion. 

In roots which are transferred from a complete nutrient solution 
to distilled water the dw-respiration amounts to 115—217 % of the 
ground respiration, measured in 0.001 m. HCN. After prolonged 
treatment in distilled water and glucose it goes dowii to 60—80 %. 
It was concluded that some transport of mineral anions may still 
occur at this bottom value, but a dw-respiration of at least 50 % 
is probably linked to organic acids. According to Burström (2 ) 
roots of wheat hold 0.040—0.140 milliequivalents malic acid per 
liter expressed sap or a higher concentration than that of ni- 
trate, viz. 0.020—0.100 me./lit. The concentration of organic acids 
in the expressed sap does not, however, reveal tlie aetual concentra¬ 
tion of its anions in the vicinity of the operating Fe-system. As in 
the case of stored nitrate only a fraetion of the acid is aetually avail- 
able for enzymatic transport. This consideratiori makes illusory 
all attempts to analyze the quantities of malic acid aetually linked 
to the anion respiration. Also the »autocaialytic» behaviour of 
anions (p. 374) must be considered. 

A ealculation of the capacity of the anion respiration, chara(?teris- 
tic of the two main zones of the roots, gives tlie following average 
figures (cf. table 3): 

Respiration Zone 1 Zono It 

a. in 0.001 m. KCN 1.34 0.76 (Iround r(*spiratiou 

b. in aqua dest, 2.18 1.34 Ground I dw-respiration 

c. in 0.05 m. chloride 2.62 2.31 (iround j anion r. 

The salt respiration in 0.05 m. KCl I C-aClg is presumably iiear i-o 
the top-limit. In zone 1 the superposing of tlie full anion respira¬ 
tion oTi the ground respiration means a doublirig, in zone 11 a 
trebling, but the absolute inagnitude of the anion respiration is 
not very different, viz. 1.28 and 1.55 respectively (see abo ve). A 
considerable quantity of the total respiration is thus accessible for 
transport work. But a niore extensive utilizatiou of it for transport 
of mineral anions postulates a certaiii substitution of these for »na- 
tive» anions which occAipy a fraetion of the dw-respiration. ilypo- 
thetically this competition can be figured in the following way. 

Owing to our leading idea the system of active Fe-atoms transports 
anions in relation to their frequency in the attraetion sphere of the 
operating system. Small ions will have a better chance of being trans¬ 
ported than larger ones. This is the reason why NO 3 and Cl no 
doubt successfully compete with the larger anions of malic acid et(‘. 
Studies in the action of certain organic inhibitors, e. g. iodine acetate 
and malonate (14), have concomittantly shown that these are pre- 
ferably absorbed and transported as molecules, not so much as 
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Fig. 7. Diagram of the pariiripatioii of abBorptioii and transloeation of mineral 
anion» and traiiölocation of native anions (probubly organic a(*ida) in the obsorved 
ainon n^spiration of wheat roots. 


anions. Also indol acetate is niort* roadily transported as a moleeule. 
As to Ihe HCOg-ions the failun» of added bicarbonate to raise the 
respiration or to eoinpete witli ehloride anions speaks ag^ainst 
tlndr r(»gnlar action as parfners of the electroii mechanism. 

Tf salt anions enter tlie ])rotoplasni they probably displace the 
larger or^,^anie anions in tlu» vieiiiity of the enzynie system. The total 
respiration is not raised iii the beginning:, beeause the displacement 
does not inexease the suiu of aecessible anions. The observed fact 
that the offering of a diluted salt soliition to roots, whieh have been 
soaked in distilled water for soine tinns does not raise the total re¬ 
spiration is satisfaetorily exijlained by this assuniption of an internal 
exeliange of anions. This assuniption is also supported by the ex¬ 
periments witli siniultaneous addition of salts and organie aeids. 
In this case a decrease of the active absorption of mineral anions 
is observed (see j). 885) presuniably owing to a eompetition between 
anions ^^oinj? on in the reversed direetioii (ef. 14). As a coiisequence 
of that also the bleedin^i: deereases. 

The duration of this first period of »adjustnient» to the newly ar- 
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rived anions is more extended in zone I than in zone II, a faet whichi 
coincides with tlie more intensive dw-respiration in that zone. The 
time course of the salt absorption (fig. 2) is possibly a refleetion of 
the period of adjustment. 

The active pullin^ of ions tlirough a tissne is brouglit abont by 
the quaiititative relation between the nnmber of migrating ions 
and the magiiitiidc of eloctric power traiisported by electrons. Salts 
can be made to move through a tissne and ions to be absorbed or 
exuded if an eleetrie current is applied from the ontside (9). The 
fundamental difference between the anion respiration and commou 
electrophoresis, liowever, is the intimate relation between slruetnre 
and produetion of eleetricity in the first-named ease. The anion 
respiration means the produetion of eleetricity in elements of mole- 
cular dimensions whieli are linked together by sirnctural organiza- 
tion. Only under these cireumstanees is the i)rotoplasm able to 
transport anions and eations along separate traeks, joining them 
to neutral salts at plaees of aceumulation. The measure<l inlensify 
of the anion respiration is the sum or integral of the aetivity of all 
these molecular centres of transferenee of eleetrie j)ower which art^s 
in some, at present obscure, way linked togetlier as iracks of active 
salt transport. These tracks may run continuously through plas- 
modesms or they may more proba.bly be interrupted by ctdl walls 
through which the salts must pass by diffusion. 

If all cells of a tissne or an organ, e. g. the rout, are provided with 
a mechanism of ion aceumulation they will attraet the salts which 
are cireulating in the cell walls. If the cells are also provided with a 
glycolytieal mechanism of exudation (11) the Jevel of coiiecuitratioii 
is deterrnined by the »steady State» between the u])-hill ainl tlu» dowii- 
hill processes. ff the glycolysis works more inteiisively in one part 
of the tissne, a case whicli is realized in the zone of bleeding, a str(*a.m 
of salts will flow out through this zone, etc. All these cireumstanees, 
of which only the mairi lines are perceivable for the». f)resBnt, (u)ntri- 
bute to the maintaining of a non-stop movement of salts through 
the tissues, resulting in a certain intensity of anion respiration ir- 
respective of the proceeding or not of active absorption from the. 
medium. 

It has been shown that the cell sap of tln» cortex cells furietions as 
a temporary store of salt-s, the concentration level of which is det(U’- 
mined by the steady statc between absor])tion and exudation (or 
consumption). Obvdously an exchange equilibrium exists betwxum 
the protoplasm and the sap of the single cells which in principle cian 
be explained in terms of partition coefficients or an ion exchange 
proceeding at coUoidal surfaces. It ought to be remembered that the 
protoplasm does not contain much »free water». Most of it is in some 
way bound to the colloids. The aetual concentration of salts in the 
substance of the protoplasm is accordingly not great and the above- 
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named exchange equilibrium is certaiiily moved in favour of the 
oell sap. This problem is too littlo investigated, however. What we 
certainly know is the alternating filliiig and emptying of the salts 
stored in the cell sap, OAving to the prevailing gradients. According 
to our main hypothesis the anion respiration is not influenced by the 
quantities of salts stored in the sap, only by anions accessible in the 
protoplasm. The dw-respiration is a manifestation of these mov- 
able quantities. 

As to the anions of organic aeids, prosumed as promotors of a 
large part of the dw-respiration, these are produced as intermediary 
Products in the aerobic respiration itself and are consequently al- 
ways accessible. The fact that the theoretical value q an/Og = 4 is 
nearly attained in some objects (20, 20) possibly indicates a very 
low actual concentration of intermediary aeids in those cases. This 
point needs further experimental elucidation. As to roofs of wheat 
the large quantities of intermediary aeids aetually present in the cell 
sap make it very probable that their anions also cireulate in the 
j>rotoi)la8m. Tlie following tentative caleulation indicates an aeti- 
vity of nativ(*. anions of similar niagnitude as the total transport of 
inorganic. anions. 

Tlie bottom-value of the dw-respiration, attained af t er long treat- 
ment in distilled water plus glucose, viz. 0.52—0.55 fimol. Og 40 mg 
1 hour, is about the same for both zones. Assuming the theoretical 
value of q an/Og to be 4 a quantity of 4. 0.55 2.2 [xmol. (equiva- 

h^nts) of »native» anions are transport ed x)er 10 mg. 1 hour. The cor- 
responding absorption of (l-ions amounts to 1.5—1.8 fxmol. The in¬ 
ternal transport of mineral anions is the sum of the quantities exuded 
in tlie ascending sap streani and the quantities consnmed by the 
growing tip. In respect of NOg, the dominating anion, the bleeding 
Avas cal(*ulated to <‘. 1 (xniol. Earlier investigafions of this Laboratory 
as t(» the assimilation of nitrate in the wheat roots (see 17) i>ointed to 
a (‘onsumption of 40—50% of the absorbed quantities. If 1.8 [xmol. 
NOg per 10 mg, 1 hour represeiits the optimal absorx)tion from a 
nutrient solution and 1 ^mol. the internal exudation 0.8% ought to 
<H)rr(*8pond to the metabolicully consumed quantities. Because 
tliest*. are continuously transported irrespective of interruptions in 

1 8 

the absorx)tioii, <». g. in distilled water, ^ = 0.45 pimol. Og per 10 

mg 1 hour of the dw-respiration, observed immediately after the 
transference of the roots from a nutrient solution to distilled water, 
are probably linked to the internal transport of salts. Table 3 show^s 
a differene-e of similar magnitude between the dw -respiration niea- 
sured for 1 day and 4—5 days respectively after the transference 
to distilled water (on an average 0.48 [junol. O g). 

Our caleulations thus result in the xirobable eonclusion that 2.2 
fjLnjol. (equivalents) organic aeids are transported In the anion res- 
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piration mechanism per 10 mg, 1 hour. We do not know, however, 
whether this transport results in a real translocation of organic acids. 
from one part of the tissue to another, or if it comprises an inter- 
mediary transferarice within single cells. (Irganic acids are not 
exuded in tlie bleeding sap (11). It is a well-known fact that sugar 
is actively transported in the roots (17). This process is anaerobical, 
liowever. Possibly there exists an active trausport of organie acids, 
as a raw material for protein synthesis, from (*.ell groups surround- 
ing the phloem to the zone of growth. This is a matter of further in- 
vestigation. 

The experimental results have aliogether supported the thesis 
that absorption of salts from the medium, accumulation against a 
coneentration gradient, and active translocation through a tissue 
or an organ are manifestations of one and the same biochemical 
process, viz. the activity of the cytochrome-cytochromeoxidase 
system in the protojdasni of the single cells. This system works as a 
salt pump. An apparent non-stoechiometrical relation between the 
molarity of transported anions and the molarity of consumed oxy- 
gen can be explained partly from a competition betwecm salt anions — 
which alone are measured in the experiments — and »native» anions, 
probably organie acids, partly from a simaltaneously i>roceeding 
exudation. These circumstances explain the somewhat. puzzling 
result of previous investigations that tlie relation between absorbe^d 
anions and respiration gives a quotient whi(*li remains a])proxi- 
mately constant only if the conditioris of absorption v^a-ry slightly 
but changes if the conditions are appreciably (dianged. Also the va- 

- _ anion respiration , . , . . xrr. 

nation of k =- —r-r -r-;- with the kind of amon, Cl, NO 3 or 

absorbed anions 

SO 4 etc. (15, 16), or in x)resence of different cations (7), is explained 
by the occurrence of competitional ion excliange processes within 
the active enzyme systems. 

The author previously (9) ventund an influeuce of the surface 
potential of the root on the absorption of ions. As far as the ex- 
change iirocesses are concerned, which (^onstitute th<' first st-age of 
absorption, the fundamental importance of Donnan xiotentials has 
been repeatedly demonstrat(d in numerous investigations of this 
Laboratory (9, 15, 16). The doininating influence of the Donnan 
potentials is of course more prominent in respect of cations, the ab¬ 
sorption of which is of a more non-metabolic charaeter, than in 
respect of anions. But the fact that anions are to a certain ex ten t 
more willingly absorbed, if the negative surface potential is lowered, 
can without diffieulty be apprehended as a deereasf? of the general 
resistence to the moveinent of anions from the solution into the root, 
viz. a rise of the availability of anions in the surface layer of the 
root. Besides this direct participation of the surface potential in the 
absorption of salts from the medium the magnitude of it does not 
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influence the respiration. Earlier and new experiments with bicar- 
bonates, the eations of which considerably lower the negative sur- 
face potential in coinparison to distilled water, show no differenco 
in respiration as (ioinpared to the dw-respiration (see 7 and table 4 
abovc). The simultaneously obscrvcd fact that the metallic eations 
of bicarbonates are willingly absorbed (see 7) is one of the funda- 
ments of the idea thal anions and (‘ations are transported along se- 
parate traeks of the protoplasmut strueture. 

Also the ])revioiisly suggested idea of an »idling» of the anion 
respiration in distilled water has been modified and further i)ointed 
oiit in the present investigation. A eertain passive leakage c(‘rtainly 
always oecurs, beeaiise tlie first st age of absorption is a non-metaboli(*. 
ion exehange at the surfaee and this exehaiige nuist obey gmieral 
rules of dynainie. equilibria and coiisequently operate in both direo 
tions owing to the ])revailing gradients. It is an unquestionable faet 
that small amouiits of salts leak out, if tlie anion r(*spirat)oii is inhi- 
bited. But- only a very small fraetion of tJn» dw-respiration is certainly 
devoted lo the reabsorption of t hese small quantities. The »idling» 
in distilled water is prevailiugly an internal process, viz. a rcflcction 
of the transport work going on between different parts of the tissues. 
It inay be that the presiinied partieipation of iiative organic acids 
in the dw-r(\spiration is rnore of the eharaeter of a true »idling» viz. 
an intermal eireulation of anions wilhin the single cells. This question 
must be left open for the present. 


IV. Sumiiiary. 

The aim of the j)resent investigation is a stateinent of the quantita¬ 
tive (‘Jiaraeter of the relation between the absor[)tion and transport 
of salt anions and th(>i aerobic res|)iration. 

Tht‘ aerobiti respiration of roots of wheat is eoinposed of- 1 . the 
grouiui respiration (insensilive to 0.001 m. HCX pH 7), 2 . the anion 
(salt) respiration (com])letely inhibited by 0.0001 m. KCX pH 9.6) 
and 3. the »third respiration» (inhibited in 0.001 m. HCX pH 7, but 
not in 0.001 in. KCN pH 9.6). The third respiration is only present 
in the lower 0—30imu. of tlie root. The ground respiration and the 
anion r(‘-spiratioii aro iiniforjuly distributed over tlie wliole root iip 
to 00—80 luni. from the tip. 

The absorption of anions (XO 3 , Cl) from the medium runs at 
about the same speed in different jiarts of the root. Anions are ae- 
tively accurnulat-ed up to at least 100 mm. from the tip. 

In all experiments with roots due attention must be i)aid to the 
eontinuous internal exudation of salts, primarily KJSOa, in the stele 
oecurring ehiefly in the zone 10—30 mm. from the tip. If the exuded 
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salts are allowed to flow back to the solution, e. g. in experiments 
with shorter zones of roots, errors are inevitably introduced in the 
calcnlation of the intensity of anion absorption. The internal exu- 
dation is not confined to the lower zonos only; also the upper parts of 
the roots (30—60 mm. from the tip) exude sap, a fact whicJi is over- 
looked if the exudation is not measiired from both ends of the piece. 

In exi^eriments with whole roots, from which the losses by exuda- 

T • ^ j ^ absorbed anions 

tion were elimmated, tho quotient q an/Oa -i-at- 

^ ^ eonsiimed oxygen 

tained the value of c. 1 , both for NO 3 and Cl, if the absorption pro- 
ceeded under optimal conditions. This top value of q an/Og holds 
approximately eonstant during the gradual inhibiiion of tho proc ess 
by cyanide. This fact is apprehended as a strong argument support- 
ing the thesis of a true quautitative relation botween the absorption 
of anions and tho anion respiration. 

Owing to the continuous losses by exudation the Q-value sinks to 
c. 0.40 if shorter zones of roots are used. The fact that the top value 
of q an/O 2 stays at e. 1 , whereas the theoretieal value 4 is nearly 
attained in storage tissue (Robertson), is explained by the parthd- 
pation of the internal transport of anions in tho anion respiration. 
This part of the anion respiration appoars also in roots held in dis- 
tilled water (dw-respiration). The dw-respiration is composed of 
two fractions, the intornal transport of salt anions to the zone of 
exudation and the zone of growth, and movements of »nativc*» anions. 
It is shown that the native anions aro probably anions of organic* 
acids participating in the interniediary system of aerobic respiration. 
Tliese na.tive anions take eare of to ^/g of tlie (‘apaeity of anion 
respiration. If mineral salts are present their anions compete with 
the native anions — a competition inuch of the same t.y])e as ion 
exchange at colloidal surfaoes — and tho Q-value, calculatcMl from 
the quantity of absorbed anions, riscs. That it seldom exceeds c. 1 
is explained as follows: The internal transport of the quantities of 
salts already present in the roots takes care of a eomparatively large 
fractioii of the total respiration. These hidden quantities of movable 
salt anions are (ialculated to a value comparable to the quantity 
of actively absorbed anions. 

Postulating the theoretieal value of q an/Og to be 4 it is coneluded 
that the anion respiration of normal roots, treated for ci. one day in 
distilled water and then transferred to a 0.05 m. solution of ehloride 
or nitrato, is composed of c. ^4 acjtive anion absorption, c. V 4 inter- 
.nal transport of salt anions, and c. movement of »native» anions. 
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The Amount of Produced Methane Energy in the 
European Metabolic Experiments with 
Adult Cattle. 

By JOEL AXELSSON. 

From. the Inalitute of Animal Nutrition. 


Iiitroduction. 

In a study of 77 mixed rations, includin^? ron^lia^o -I grain, Kriss 
( 1930) found a coefficiont of +0.903 ±0.006 for t ho correlalioii ho- 
twoen the amounts of dry matter and produo-ed methain^ in the ra¬ 
tions. The eqnation of the regression of produced methane in g (if) 
on dry matter in g (x) was: ^ = 18 + 0.0225 .r. Later on, Bratzler 
and Foebes (1940) found the relationship between the amount s of 
digested carbohydrates in g (x) and of produetni methane in g (?/) 
to be doser than other relation slups. Th(‘ eorrelation eoeffiident 
'was 0.94 and the regression equation: y ~ = 17.08 + 0.0401 .r. 

Ilowever, it is a well-known faot that the miero-organisms in th(^ 
digestive tract primarily break down eellulose and similar (*om])Ounds, 
as Maynaet) (1947) has pointed out. Only in a resf rieted extent are 
stardi and sugars brokeii down. Therefort*, the amount of methane 
per unit of dry inatter in the rations may inerease with an inereased 
content of digested erude fiber, as the major part of the comi)()unds 
is induded in this substance. Further, for the saim^. reason, th(*, 
amount of methane per unit of digested (»arboliydrate.s may inerease 
with an inereased content of erude fiber. 

To elucidate tliis problem the European metabolic experiments 
with adult cattle, carried out by Kuiiis% Kellxer, and FiNCiERLiNc; 
in Mockern (Germany), and by Mollcjaard in Copenhagtm (Den- 
mark), liave been treated. The same experiments were used by the 
author (Axelsson, 1945) in another investigation. Th(^ total num- 
ber of experiments was 185, but of M 0 llgaard’s exi)eriments 9 were 
exduded, because of incompletc data. Of the treated experiments 
73 were carried out by Kellner, 52 by Fingerling, 12 by Ktihii, and 
39 by Mollgaard. 
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In the first place the connection betweon the amounts of dry mat¬ 
ter and digested carbohydrates, on the one side, and the amount of 
produced methane energy, on the other, is to be treated, as it is of 
interest to cdmpare the results of the Pennsylvania experiments 
given above with those of the European experiments. Then the 
problem just mentioned is to be treated. In the experiments the 
methane was burned, and its energy content given in kcal. 


The Connection between the Amount of Dry Matter and 
Produced Methane Energy in the Rations. 

The averages of the amounts of dry matter in kg, and produced 
methane energy in kcal in the rations of the 4 groiips of experiments 
are given in table 1, together with the variaiKiCS of the distributions. 


Table 1 . Dry Matter and Methane Energy in the Rations and 
Varianees oj the Distributions, 


(jr<nip 


Dry mattor in kp 


' Motliano onorpv in koul 


I 


Mean ^ Varmiioc I Moan | Vananoo 


; Kt'llnor’K . 9.73 2.334 3 05;*) i 222 18S i 

Pingorling^H. 8.98 J.414 3 271 ! 180 918 | 

: Kuhifs.I 9.22 l.lOl 3 175 ! 209 340 j 

, Mollgaard’s. i .5.70 0.814 2 303 I 209 384 i 


According to this table, tlie a^ erage amount of dry mat t er in the 
rations was about the same in tlie thrtM» JMockern groups. lii Moll- 
gaard’s group this amount was much smaller tlian in the Mockern 
groups because of the smaller aninials. The variaiice of the amount 
of dry matter was greatest in Kellnerss experiments and smallest in 
Möllgaard^s. Th(‘ averagt». methane energy, t-oo, w^as about 

the same in the Mockern groujjs, and muc-h smaller in Mollgaard^s 
group. The variance of the amount of methane energy was much 
greater iu Kuhn’s group t han in Kellner's and Fingerliiig’s grou^is, 
though the varianet* of the amount of dry matter was tlu» very re- 
vers(*. Howe\ er, iu Mollgaard's group the variance was greater than 
in the other grou])s, t hougli t he variance of the amount of dry matter 
was much snialhT. Thes(^ circumstances indicate that some other 
faetors than the amount of dry matter had influeneed the produced 
amounts of methane energy in a differeut degree in the four experi¬ 
mental groups. The amount of methane energy pr kg of dry matter 
is to be treated later on. 
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In the Meckern experiments as well as in Mellgaard^s experiments 
the regression of methane energy on the amount of dry matter in 
the rations was curvilinear, the amount of produced methane energy 
per kg of dry matter being depressed as the amount bf dry matter 
was increased in the rations. This is shown in figure 1, where the 
pairs of averages of the two variates are plotted. Therefore a second 
degree polynomial curve was fittod to the data, the following re¬ 
gression equation being obtained. 


y ~ — 494 + 629 X — 25.0 


The linear regression equation of the 176 experiments taken to- 
gether was 


2/ - 1118 + 215 X 


That the second degree polynomial curve is better adapted to 
the data than the straight line, is evident, as the eorrelatioii coef- 
ficient was increased from 0.7325 to 0.7587 wlien the linear regression 
was exchanged for the curved regression. The result of tlie test 
as to the significance of this increase is given in tabh' 2. 


Table 2. Test of Significance of Departure from Linear Regression 
(Dry Matter and Methane Energy), 


: Source of variation 

^ I). F. 

Surn of squarcs 

Mean sfpiarf' 

' Deviations from linoar regression.. . 

...| 174 

1 28 490 928 j 

1 

1 Doviations frorn curved regression, . 

... 17:i 

1 26 087 486 

150 795 ' 

('urviliu<*«ritv of regression. 

. . .' 1 

2 403 442 

2 403 442 


F =- 403 442/150 795 - ] 5.9 


As i\\v> F-value at the 1% point is only 6,78, the cunilincarity of 
the regression is highly significant.. That this regression line is well 
adapted to the averages of the two variates is shown in figure 1, 
where the e([uation is graphically represented. 

llowever, the regression line is expectcd to pass through the 
origin of coordinates, as the amount of methane energy niay a])proaeJi 
zero when the amount of dry mattor in the rations approaches this 
value. Therefore an cxponential curve was adapted to the data, 
the following regression equation being obtained: 

y -= 721 it;" 

This equation, too, is graphically represented in figure 1. It seems 
that it is not adapted to the data as wdl as the second degree po- 
lynomial curve. How ever, it is to be expected that it would be bett er 
adapted to the data if t hese were increased in number. 
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Figurt) 1. The regression of produced methane energy in kcal (y) on the dry 
mattor amount in kg {x) in the rations. 


The Connection between the Amount of Digested Carbo- 
hydrates and Produced Methane Energy in the Rations. 

The avcrageö of the aniounts of digented earbohydrates in kg of 
the rations in the four groups of experiments are giren in tablc 3, 
together witli the variances of the distributions. The amounts of 
produced metliane energy hare already beim giren in tablc 1. 


Table 3. Amounts of Digested CarbohydraieH in the Bations and 
Variances of the DistrihuHons, 


■ Diptwtrd onrhohydrnto-^ in kg { 
(irouji --1 


1 



rurianco 

1 

j Kollnor’s. 


5.21) 

0.090 

Fingcriing’8 .... 


4.ai 

0.G8() 

Kuhn’fc4 . 


5.00 

0.524 

Al 0 lIg*iard'H. . . . 


a. 28 

o.:<40 


This table shows tliat the arerage amounts f)f digested earbo- 
liydrates in the rations was about the same in the three M(jckern 
groups. In Mollgaard’s group the arerage amount was much less 
than in the Moekern groups. The variance was greatest in Kellner^s 
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and least in M 0 llfraard’s gronp. Thus, the great variance of the pro- 
duced methane energy in Mollgaard^s rations did not depcnd on the 
rariation of the amount of digested carbohydrates, as this variation 
was slight. The amonnt of methane energy i)r kg of digested carbo¬ 
hydrates is to be treated later on. 

In the Mockern material as well as in Mollgaard^s material the 
regression of methane energy on the amonnt of digested carbo¬ 
hydrates was curvilinear, as the pairs of averages of tlie two variates 
plotted in figure 2 show. Thus, the amount of methane energy per 
kg of digested carbohydrates was depressed wheii the amount of 
digested carbohydrates was increased, and therefore this amount 
behaved as the amount of dry matter in the rations. 

In the first place, a second degree polynomial curve was adapted 
to the data, the following equation being obtained. 

2/ = — 213 f 984 X — 642 a?» 

According to this equation the amount of methane energy will be 
negative wdien the amount of digested carbohydrates approaches 
zero, as was the case with the corresponding equation of the regres¬ 
sion of methane energy on the amount of dry matter. The linear 
regression equation of the 176 experiments taken together was the 
following: 

^ = 1190 + 362 X 

That the second degree polynomial curve is fitted to the data 
better than the linear regression equation is proved by the fact that 
the correlation coefficient increased from 0.7769 to 0.8012 when 
linear regression was exchanged for curved regression. The signi- 
ficance of this increase is tested in table 4. 


Table 4. Test of the tSignificanee of Departure from Linear Regrcs- 
sioyi (Digestible Carbohydrates and Methane Energy), 


Source of variation 

D. F. 

Sum of squaroH 

Meaii square 

1 

Deviations from linoar rogressiori.| 174 i 24 366 351 

Deviations from curved regression. j 173 j 22 012 085 

Curvilinearity of regression.1 1 | 2 354 266 

j 127 237 1 

i 2 354 266 1 


F = 2 354 266/127 237 18.5 


The F-value is 18.5, and as the valiie at the 1 % point is only 6.78 
the curvilinearity of the regression is highly significant. That this 
regression line is well adapted to the averages of the two variates is 
shown in figure 2, where the equation is graphically represented. 
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Figuro 2. Tho regression of producod methane energ>" in koal (>y) on the digested 
carhohydrates in kg (x) in the rations. 


As for th(i corresponding line of the regression of methane energy on 
the nmount of dry matter this line is exx)ec.ted to pass through the 
origin of coordinatt*s as the aiuount of methane energy luay approacli 
zfTO wlien tlie amount of digested earboliydrates in the rations ap- 
proaeh<‘H this valiie. Therefore, in tliis ease too, the exponential 
eurve was adapted to the data. Then Ihe following equation was 
obt ained. 

?/ - 1 (183 

Also this equation has been graphieally represented in figure 2. 
The figure shows that this eurve does not (‘onforiu to the averages 
of the two variates, as well as the secoiid degree polynoinial (*urvc, 
biit in this ease, loo, this cireumstamH» may depend on the relatively 
small number of experiments. 


The Cause of the Curvilinearity of the two Regressions. 

As was proved above, the amount of produeed methane energy 
increased more slowly than the amount of dry matter in the rations. 
The cause of this circumstanee may be that, in the rations, tlie 
amount of digested N-free extraets, or of digested crude fiber, per 
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kg of dry inatter, decreased as the aiiiount of dry inatter iucreased. 
Furtlier, the cause of the fact that the amount of methane energy 
increased more slowly than the amount of digested carbohydrates 
in the rations may be that the amount of crude fiber per kg of di¬ 
gested carbohydrates decreased with the increase of the amount 
of this substance. To investigate these connections, the Mockern 
groups were taken together, as in these groups the averagc amounts 
of dry matter, digested carbohydrates and methane energy in the 
rations were about the same. Mollgaard^s group on the other hand, 
was treated alone as it differed from the Mockern groups with re- 
gard to these amounts. 

The equations of the regressions of the digested amounts of N- 
free extract (i/i) and of crude fiber {y^ in g per kg of dry matter on 
the amount of dry matter (x^) in kg in the rations and of the digested 
amount of crude fiber (y^) in g per kg of digested (carbohydrates 
on the amount of digested (carbohydrates (iTg) in kg in the rations 
were the following: 


The Mock(*rn experiments: 

3/i = 273 16,1 iTi 

= 204 7.83 

3/3 = 387 — 28.7 


M 0 llgaard ’8 experiments: 
3/i = 439 I 5.11 x^ 

Va = 155 - 8.33 .r, 

Va = 270 - 26.2 a ^ 


Aceording to these equations, in the Möeke^rn experiments as well 
as in those of Mollgaard, the amount of digested N-free extraet per 
kg of dry matter increased, but that of digested (;rude fiber per kg 
of dry matter decreased with an increase of the amount of dry matt er 
in the rations. As the deerease of the amount of digested crude fiber 
may lia^e influenced the amount of methane energy to a greater 
(‘.xtent than the increase of the amount of digested iS-frcv extract, 
the (c]iaijg(^ of the two amounts, at least partly, may liaAc cauH(‘d 
the deerease of methane (»mergy when the amount of dry Jiialter 
increased in tlie rations. Further, aceording to the equations, the 
amount of (crude fiber per kg of digested carbohydrates dtccreased in 
the Mockern experimentKS as well as in those (>f Mollgaard when the 
amount ol digested carbohydrates increased in the rations, a cir- 
cumstance which may have caused at least a part of the deerease 
of the amount of methane energy. 

Thus, this iuvestigation indieates that the cause of tlie curvi- 
linearity of the regressions of produced methane energy ou the 
amounts of dry matter and of digested carbohydrates in tlie rations 
may, at least partly, be tlnc changed amounts of digested crude fiber 
per kg of (Iry matten* and per kg of digested carbohydrates. The 
relationship betwcen the grou]>s of experiments will be diseussed 
later on. 
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The Connection between Digested Crude Fiber 
and Produced Methane Energy per kg of Dry Matter 

in the Rations. 

The averages of digested crude fiber in g and of methane energy 
in kcal per kg of dry matter in the rations of the 4 groups of ex¬ 
periments are given in table 5 together with the variances of the 
distributions. 


Table 5. Digested Crude Fiber and Methane Energy per Jcg of Dry 
Matter in the llations. 


ti 


nmp 


DigoHtfxl cnitlt' fiber m p 
Mefin Vnrtflnce 


Methane energy in keal 

Meaii j Vanance 
i " 


i Kellner’^.1 127 595 315 ! 2 062 

FiiigerliiigV .' 126 8S6 > 365 ! 1060 

Kuhns. 178 475 338 i 839 

Mollgoartla ./ . 106 _ 394 ' 401 ' 4 810 


According to t his table, the amount of digest(‘d crude fiber per kg 
of dry matter in the rations was sma]l(‘Sl in Mollgaard^s and greatest 
in Kuhn’s group. The variance was least in M 0 llgaard’s and greatest 
in Fingerling\8 group. The amount of methane energy was smallest 
in Kellner’s and greatest in Mollgaard’s group. That the great 
amount in the group lastmentioned was eonnected with a small 
amount of dry matter in the rations has been proved above. The 
variance was smallest in Kiihn^s and gn^atest in Mollgaard’s group. 
In table 0 is given the analysis of variance of methane energy in the 
Mockern ex])enments as well as in all tlie experiments. 


Table 0. ÄnaJysis of Varuinee of Methaae Energy per kg of Dry 

Matter, 


Soun»' (»f \anatioii 


Uf^tWlHTl groups 
Wittlin groups . 


, Thp Morkt'rn oxporimrnts All tha axpannioiits 
l) F Maan Kijuaro 1) F. iMaari <(piar<* 


' I 

2 35 924 3 ' 66 154 

1.34 1.580 172 2 294 


F =- 3.5 924,1 580 - 22.7 F - 66 154/2 294 - 28.8 


This table indicates highly signifieant differeiices between the 
iunounts of methane eni^rgy per kg of dry matter in the groups of 













412 


Joel Axelsson 


Meckern experiments as well as in those of all the experiments. 
The amount of methane energy in kcal per kg of dry matter in each 
group has been calculated according to Kriss’ formula, by using a 
value of 13.344 kcal per g of methane. The result is given in table 7, 
together with the differences between experimental and calculated 
amounts of methane energy. 


Table 7. Calculated Amounts and Differences between Experimental 
and Calculated Amounts of Methane Energy per kg of Dry Matter. 


Group 

Calculated anjoimts of 
mothaiie oiiergy in kcal 

Differonce-^ between oxpori- 
mcmtal and calculated 
amountä of methane oncTgy 
in kcal 

lC©lln©r*ö.. 

327.1 

- 11.2 

King©rling’s. 

324.8 

H 30.7 

lCulixi’s. 

326.2 

1 

-f-11.8 

Mellgaard^s. 

342.2 

1 i 58.7 


It seems that the experimental amounts of methane energy in 
the Mockern groups agreed more elosely with the amounts cahailated 
according to Kriss’ formula than in M 0 llgaard’s group. Partly, this 
difference was caused by the different amounts of dry matter in the 
rations, as proved above. That partly other faetors were iududed is 
suggested from the great variance of the amount of m(?thane energy 
per kg of dry matter in M 0 llgaard ’8 group. 

In table 8 are given the coefficients of the correlation between the 
amoum-s of digested crude fiber and produced midhane energy- per 
kg of dry matter in the rations, together with tlie equations of the 
regression of methane energy in kcal (y) on digested crude fiber in 
g {x) per kg of dry matter in the groups of experiments. 


Table 8. Correlation Coefficients and Regression Equations (Digested 
Crude Fiber and Methane Energy per kg of Dry Matter). 


Group 1 (^Jorrelation cocfficionts 

Kcjrrossion equations ' 

1 

Kellner’s . 1 + 0.583 

1 

177 H 1.083 a: 

Fmgerlirig’s. -0.011 

3/^ 366 - 0.012 3: ; 

Kuhn*s. ! -0.635 

^ = 488 - 0.845 X ; 

MollgaarrPs. • -0.222 

2 / ^ 483 - 0.777 x 


In Kellner’s group the correlation was positive and significant. 
In the other groups the correlation was negative but insignificant. 
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Hence, only in Kellner^s experiments did tlie amount of methane 
energy per kg of dry matter increase with an inerease of the amount 
of digested crude fiber. 

To see if the differences between tho eoefficdents of regression were 
significant, or if they represented merely a sampling variation, the 
sum of squares of errors of estimate from the average regression 
within groups has been oompared with that from individual regres* 
sions within groups. The result is given in table 9. 


Table 9. Analysis oj Estimate from Average Regression within Groups 
(Digested Crude Fiber and Methane Energy per kg of Dry Matter). 


ErrorH of ostiiiiato 


Soiircp of v^nriation 


Doviations from avorage regi‘eg. 
Doviationa from individ, regros. 

I Difforoncefl between proup regres. 


Tho Möckoni groups ' All t lie groups 

Sum of I Mean . p | Sum of Moan i 
squaroH j squaro J * ' squares ^ square , 


i i i ! 

1 133 il93 320 1 171 ,386 310. 

I 131 157 777 j 1 204 168 ;331 500 ' 1 973 
I 2 35 543 >17 772 3 54 804118 268 


F = 17 772/1 204 =- 14.8 F 18 268/1 973 9.3 


It seeiiis that tlie differences between the mean square deviations 
of the groups oompared are highly significant, the F-value being 
14.8 in the Mockern material and 9.8 in tlie whole material. There- 
fore, the differences are not wholly altribiitable to experimental 
errors but also to other faetors, mv.h as different methods in the ex¬ 
periments. (Vnisequently, an averaging of the (*orrelation or the 
regression eoefficients lias not been carried ont. 


The Connectioii between Crude F^iber and Produced 

Methane Energy per kg of Digested Carbohydrates 
in the Rations. 

The averages of erude fiber in g and of methane in kcal per kg of 
digested carbohydrates in the rations of the 4 groups of experiments 
are given in table 10, togetlier with the variancies of the distributions. 

This table shows that the amount of crude fiber iier kg of digested 
carbohydrates was smallest in Mollgaard’s and greatest in Kuhn’s 
group. The order of tiiese groups was tlie same as for the amount 
of digested crude fiber per kg of dry matter in the rations. The 
variance was least in Mollgaard's and greatest in Fingerling’s group. 
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Table 10. Cruäe Fiber and Methane Energy per hg oj Digested 
Carbohydrates in the Rations, 


1 Oioup 

1 

1 

C’rude 

fiber ill g 

Methane 

energy in kcal 

Mean 

Variance 

Mean 

1 

1 Variance 

Kellner’s. 

* 

230 

2 32/5 

560 

1 4 783 1 

Firigorliug'8. 


233 

3 984 1 

070 

I 2 809 : 

Kuhn’8. 


303 

3 021 ' 

017 

! 1 743 i 

MollgaarcFs. 


185 

1 728 i 

701 

13 799 1 


A coinparison witli table 5 shows that the amount of digested crude 
fiber varied much more per kg of digested carbohydrates than per 
kg of dry inatter. Further, the amount of inetliane energy was 
smallest in Kellner’s and greatest in Mollgaard^s group, the order of 
the groups being the same as for the amount of methane energy per 
kg of dry matter. The variance was smallest in Kuhn’8 and greatest 
in Mollgaard^s group, and in this case, too, tlie order of the groups 
was the same as for methane energy per kg of dry matter. A com- 
parisoii with table 5 shows that the amount of methane energy per 
kg of digested carbohydrates varied much more than the amount 
per kg of dry niatter. Especially in Mollgaard^s group the Variation 
of the amount was very great. 

tn table .11 the analysis of variance of methane energy in the 
Mockern experiments as well as in all the experinuMits is given. 


Table 11. Analysis of Variance of Methane Energy per hg of Digested 

Carbohydrates, 


, Souree «>f vanation 

! 


j Tho Mockom expt-rinu*tits 411 the experiincuta 
I 1). F. Meftn squaro L). F. !M(‘un H(|uarf 


' ! i 

: Bctwoen groups.| 2 ' 184 418 ! 3 213 541 

Within groups .‘ 134 5 OOH ! 172 5 995 


F - 184 418/5 068 -- 36.4 F - 213 541/5 995 35.6 


The f?reat F-ralues show that there were liighly significaut dif- 
ferencos between the amounts of methane energy per kg of digested 
carbohydrates in the gronps of Moekern experiments as well as in 
those of all the experim<>nts. The amount of methane energy iii kcal 
per kg of digested carbohydrates in eaeh group has becn calculated 
aceording to the formula by Bratzler and Porbes, by using the 
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amount of energy per g of methane mentioned above. The result 
is given in table 12, together with the differences between experi- 
mental and calculated amounts of methane energy. 


Table 12. Calculated Amounts and Differences between Experimen¬ 
tal and Calculated Amounts of Methane Energy per kg of Digested 

Carbohydrates, 


Group 

Galeulated amountu of 
mpthano onorgy m kral 

t Differences between experiinental 
; and calculated amounts of inethauo 
' energy in koal 

lvolliit*r's.. 

578.0 

1 -18.3 

Fing(*rling’8. 

583.0 

' 80.7 

Kiihifs. 

i 581.2 

1 . 30.0 

MollgaanCft .. 

007.1 

I r 94.0 


As to the. amount of methane energy per kg of digested carbo- 
hydrates, the order of the groups deviated from that per kg of dry 
matt er in table 7, as the smallest amount occiirred in Kellner’8 in- 
stead of in Fingerling^s group. ITowever, in both eases Mollgaard’s 
group showed the givatest amount. As was j^roved Jibove the amount 
of digested carboliydrates was smallest in this group. Further, the 
differenee betw(‘t*n experimental and calculated amounts of methane 
energy was least in Kellner’s and greatest in Älollgaard^s group. 

In table 13 are given the eoeffieients of the eorrelation between 
the amount of crude fiber and that of produced methane energy 
per kg of digest ed carboliydrates in the rations of the 4 groups. 
KurtluT, inserted in the same table are the equations of the regres¬ 
sion of metham* (uuTgy in kcal (?/) on crude fiber in g (.r) per kg of 
dig(‘8ted carboliydrates in iho rations. 


Table 13. Corrdation Coeffivivnts and Regression E(pinHons (Crude 
Fiber and Methane Energy per kg of IHgested Varbohydrates), 


Oroup Corrrlation o()C'ffK*ionls j n,f'jjrc'.ssion ftjuatioiiH 


KeUnor’s. 1 O.H23 ; y~Sr>4\().HMx 

Fingerliiig’«. -i 0.224 i y - - (120 -t- 0.188 

Kuhn'8 . . -0.228 ; y - 070 - 0.173 .r 

Mollgannl’M. ■ —0.112 // “ 7.59 — 0.310 r 


According to this table, there was a positive and signifieant eorre¬ 
lation in Kellner’s group. Of the other eoeffieients one was positive 
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and two negative, none of them being significant. Hence, only in 
Kellne.r’8 experiments did an increase of the crude fiber content of 
the digested carbohydrates cause an increase of the amoant of 
produced methane energy. 

To show the significance of the differences between the coefficients 
of regression, the sum of squares of errors of estimate from the 
average regression within groups has been comparod with that from 
individual regressions within groups. The result is given in table 14. 


Table 34. Analysis of Estimate from Average Regression within 
Groups (Crude Fiber and Methane Energy per hg of Digested Car¬ 
bohydrates), 


Deviations from average regression. 

Deviations from individual regressions .. 
Differences between group regressions .. 


Error» cf estiriiato 

The Mockern 

groupa 

All the groups 

Sum of 

D.F. 

Mcaii 

D.F. 

Sum of Mean 

j squares 

äquaro 


HCjiiftres 1 square 

1 

133 1 424 643 


171 

975 660 ; 

131 : 364 835 | 

2 785 

168 

882 641 i 5 254 

2’ 59 808 

29 9(14 

1 

93 019 ! 31 006 


F - 29 904/2 785 = 10.74 F - 31 000/5 254 - 5.90 


This table shows that the differences between tlio ineaii sqiuire 
deviations of the groups compared are highly significjaiit, as tlu» F- 
value is 10.74 in the Mockern groups and 5.90 in all the groups. 
Conseqiiently, the differences are not wholly attrihutable to experi¬ 
mental errors, but also to othcr factors, such as different mefhods 
in the determination of methane energy in the various groiijis. This 
being the case, an averaging of the eoeffidents of eorrelation and 
regression has not been carried out. Thus, the amoiint of metiiane 
energy per kg of digested carbohydrates beJiaved like that per kg 
of dry matter. 


Disciission of the Kesults. 

In this treatment of tJic European metabolic experiments with 
adult cattle it has bi^en proved that the connciction between the 
amount of dry matter as well as of digested carbohydrates, and tlie 
arnount of methane energy in the rations in cach of the experimental 
groups, was mueli weaker than in the Pennsylvanian ex])eriments, 
treated by Kriss and by Bratzler and Forbes. The cause of this 
difference is difficult to prove, as inany factors may be ineluded. 
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Figuro 3. 'Fho rogression of produced methane ciiergy in kcal on tho digested 
orudo fiber in g per kg of dry matter iii the rattons of Kellner ’3 experiments. 


Tii tUe first idaco, the experiniental errors seeni to liaye been greater 
in tlio Europcan tlian in the Pennsylvaniaii experiments, espeeially 
in soine of the groups treated, as the great variances indicate. As 
an exemplo, it inay be luentioned that in two of Mollgaard^s ex¬ 
periments the same ration had giren a 4t> greater amount of 
methane energy in one than in the other experiment. 

Ho>\ever, an ine.n^ase of the amount of dry matter and of digested 
('arbohydrat(*s in the rations iias been prored signifieaiitly to de- 
cn^ase the amount of methane energy per kg of the two substanees. 
Partly, this depression may liave been a result of a deereased amount 
of <ligested enide fiber ])<*r kg of dry matter and digested earbo- 
hydrates respeetively. Probably, liowever, a part of the depression 
was eaiised din^etly by tlie inen*ased amount of tho two substanees. 

Aeeording to tables 8 and 13, in Kelliier^s group of experiments, 
the ex]>ect(Hl positivtH eorrelatiori oeeurred betwcHui the mnount of 
produe(*d melliane energy, ou the one hand, and the amount of di- 
g(*sted erude fiber per kg of dry Jiiatter iis well as per kg of digested 
(•arbohydrat(‘s in the rations, on the other. Further, aeeording to 
tables 7 and 12, the differenees hetween the experiment al amouuts 
of produced methane energy and the amouuts ealeulated by means 
of the formulas by Kriss and by Bratzlor and Forbes were smaller 
in Kelliier^s group than in the other groups, Theso results seem to 
depeud on the faet that Kellner\s experiments were carried ont inore 
earefully than the other groups of experiments. Besides, Kellner’s 
(^xperiments formed tho greatest group. In this group, therefore 
the result iigreed with the wellknowii faet, mentionod hy 'way of 
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Figiiro 4. The repression of producod methane onergy in keal on the cnide fiber 
in g por kg of digested earbohydratos in the rations of Kellner^s experiments. 


introduction, that inicro-orgraniams mainly break down colluloso and 
similar coinpouiids. The regressions of this groiip are graphieally 
represented in figures 3 and 4. 

Naturally, it would bo of interest to investigatt^ these two e.on- 
nections in the exporiinents carried oiit in the United States, too, 
aa tbo problem is \ery important. Thua, in calcnlating the ainouiit 
of metabolizable onergy from the digestible earbohydratos, a higher 
faetor is to be nsed for i^-freo extraet tlian for erude fiber if an in- 
ereased content of erude fiber in the digested earbohydratos causes 
an inereased loss of enorgy in the digostive traot. x\ecording to the 
present ^Titer (Axelsson, 1941), in Kellner’s experiments the 
amounc of metabolizable enorgy per g of digestible substanees was 
3.7 kcal in K-free extraet, but only 2,9 kcal in erude fiber. 


Suiiimary. 

In the European metabolic experiments with adult eattle earried 
out in Mockern (Germany) and Copenliagen (Denmark) the regres¬ 
sion of produced methane onergy in kcal (?/i) on the amount of dry 
matter in kg (a?i) in the rations was ourvilinear, the following cqua- 
tions being obtained: 

2/i -= — 494 + 629 0^^ — 25.0 xi 
2/i - 721 


Further, the regression of produced methane onergy in kcal (t/ 2 ) 
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on the amount of digosted carbohydrates in kg (x^) in the rations, 
too, was curvilinear as the foUowing equations were obtained: 

y — 213 -+ 984 x» — 64.2 xi 
^2 = 1 083 4 *''“ 

In each case i lie second degree polynomial curve was in better 
eonforinity to the experimental data than the exponential curve, 
but it inay be possible that the eurvo last-mentioned would be the 
best, if the nuinber of experiments were increased. 

In Kellner\s group of experiments the regression of produced 
methane energy in kcal (^ 3 ) on the digested amount of erude fiber in 
g (x.j) i)(‘r kg of dry matter in the rations was reetilinear. This, too, 
was Ihe case with the n^gression of methane energy in kcal (^ 4 ) on 
the ainonnt of erude fiber in g (^* 4 ) ])er kg of digested (carbohydrates. 
The regression (Kpiations were the following: 

7/3 “177 + 1.083 .rg 
^4 -- 354 + 0.891 .r4 

In Fingerling’s, Kuhn’s and MollgaardV experiments the regres- 
sions diftered signifi(*.antly from those in KellneFs experiments. How- 
ever, in 1 h(‘se gT*oups none of the (Miefficients were signifieant. Only 
in K 4 dlner*s exj)erunents, therefore, did an ine.rease of the amount 
of digested erude fiber in the rations (*,ause an imcrease of the loss of 
methane (uiergy in the digestive traet. 
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lonic diffusion through membranes. 

By ERIK ERIKSSON. 

From the Inatitute of Pedology. 


Introduction. 

If two aqueous Solutions of the same salt but with different (*ou- 
centrations are brought in contacd, a potential arises, known as 
a diffusion potential or a liquid junetion potential. Tlie ma^ni- 
tude of this ean be ealeulated by means of Nernst’s (1888) fonmila 

* F -0+ + (\ 

where and are the mobilities and z+ and z- the ehar^jes of the 
cation and anion resp., C\ and C 2 being the coiicentrations of the 
salt in the two Solutions. If a membrane, e. of eellophaiie or 
eollodiinn, separates the two Solutions then the diffusion potential 
generally increases indieatin^^ a big difference in niobility of the 
cation and anion. This effect has been thoroughly investigated by 
Michaelis and coworkers (Michaelis 1933 and also MA.^Ec;oLI) 
and ViETS 1931) who also found that the nature of the membrane 
played a very great r61e. In all the collodiurn membranes they 
X)repared, the mobility of the anion was greatly redueed, the more 
the finer the pore structure of the membrane. Further it was known 
that such membranes charged themselves negative in water but if 
positively charged membranes were prepared the effect was the 
reverse indicating low mobilities of cations (Höber & IIoffmann 
1928). 

Later Teorell (1935 a) and independantly at the same tirne 
Meyer & Sievers (Meyer et al. 1936 and Meyer 1937) gave a satis- 
factory mathematical interpretation of the diffusion potentials 
across membranes. Teorell regarded the membrane as an electro- 
lyte with immobile anions (in the case of a negatively charged 
membrane). This causes an ionic distribution (Donnan distribution) 
in the membrane which largely determines the diffusion potential 
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measured. Meyer et al. treated the subject more thoroughly and 
proved the theory by experiments. The main difference between 
the liquid junction potential and a potential aeross a membrane 
is that for a singlc salt solution the former is indepcndent of the 
absolute concentration (c. f. Nernsfs formula) which is not true 
for the membrane potential (c. f. also Teorell 1935 a). In a recent 
paper Sollner (1945) has used the Teorell-Meyer theory for elassi- 
fi<5ation of collodium membranes and in another Baxter (1947) 
has ai)plied the same theory to the behavior of natural arnphoterie 
membranes and Markhall (Marshall 1944) has applied it to 
membranes of elay minerals. The work of the author is to be re- 
garded as an extension of the theory eom})ri8ing also the diffusion 
of ions ill a salt. mixture through membranes. Ilowever, the stress 
of the Work is not laid on the potcmlial aeross the membrane but 
on the transport of different ions through the membrane. Further, 
a few experimental data will be furnished to demonstrate tlie »mein- 
brane effeet». 

In the first part of the work the equations governing ionic diffu¬ 
sion in geiK^ral are also shown whieh perliaps will make it easier to 
understand the equations derived for ionie diffusion through mem¬ 
branes. 

To avoid too eomplioated expressions, the mathematieal treat- 
ment has been restrieted to ideal Solutions, i. e. Solutions where 
aetivities are equal to com^entrations and all salts are eomjdetely 
dissoeiated. 


Diffusion of ions in a solution. 


The flux of an ion (i. e. quantity pr unil area pr unit time) 
in a. solution of a. strong electrolyte ean be written 

‘ ' 9 ± ( 1 ) 


where 0 is the flux of an ion, v nuniber of that ion in the 
salt moleeule, C the molar concentration of the salt and the 
foree aeting upon the ion. The t and --- signs indicate eation and 
anion resp. The foree q ('an b(‘. (‘xpressed by 


(In V) ^ ^ OE 

--i 


whort* 1{ is tlip tias constant, T tho absolute temperature, 

/>(ln C) 


BT 


öx 


(2) 
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tlie chango of tlie Chemical potential over the distance dx^ z the 

0 la 

charge of the ion, F tlie Faraday unit and - the change of 

(/ X 

the electric potential E over the distance dx, 

The relation between z and v can be written 

z.\ • v^. (3) 

The flux of a cation and an anion can theii be written 


0+ V 1 

■å, 

•ET 

0 c . 

0 X 

(4 a) 

0'. =-- V- 

■ö- 

•ET 

• - 4- • 0-- Z-. • ^ 

Ox 

0 X 

(4 h) 


Jf sev('ral salts of the inolar (*on(*eutraiions t*', . . . juh* 

seiit, tlH‘ total flux of (‘utions and anions is 


0i.-=-BT y |r| 

•«5| 

0 c\ 

ö x] 


(5 il.) 

0-=jt T y |j-- 

■d.. 

0 

Ox) 


(5 h) 


The total transport of eleetTieit.y must be zero, tlH‘refon* 


or substitutiiig for r aecording to eq. (3) 


which can be wTilten 






d -E , t 




+ F ■ 


OF 

Ox ^ 


(ö^^z^^C) 


from whi(*li 


0 E 
Ox 


can be sol ved. 


dE_BT 

dx ~ F'^[(å^.z, + ö--z-)ö] 
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which is the equation for the change of the electric potential as 
a function of mobility and concentration of ions. 

If, at any supposed surface in the solution Fickas first law is vaUd, 

0 JiU ö ö 

i. e. r is independent of time and is constant, eq. (8) can 
(j JO ox 

be iritegratcd between the liniits and (corresponding to the 

concentrations and C 2 for any salt) and E bccomes 


F + «- •«-) (Oi-Oa)] ' 


•*+ + d-^z^Ci] 
^[{'5+-2+ + d--z-)Ci) 


(9) 


Eq. (9) is known as Henderson’s formula (Uenderson 1907) although 
generally written with different symbols but derived in a similar 
way. Planck (1890) made a more strict derivation at the diffu¬ 
sion potential of a. salt mixture of univalent ions and arrived at 
a rather eomplicated expression. For Solutions of orie salt of uni¬ 
valent ions rianck’8 and Hender8on’8 formulas give identieal ex- 
pressions 


_ItT di ~ å ( 

~ F d.^ I d^ C: 


which is Kernsfs formula. 

The differenee in Planck’s and Hender8on’s formulas eomes from 
their assuraption of the conditions in the diffusion layer. Both as- 

cJ K 0 V 

sumed . ^ to be independant of time but Planck did not assume ;- 
(}x Ox 

lo be constant in the diffusion layer and the investigations carried 
oiit by Teokell (1935 b) rather confinn Planok’s assumption than 
lI(‘nd(‘rson’s. I*lanck’s exj)ression is, however, iniich more laborioiis 
than llenderson\s formula wherefore the latter has been more 
widely apj)lie(l to diffusion potential problems and yields a good 
approximation. (See e. g. Teorell 1935 b.) 


Diffusion of univalent ions through a nefjatively 
charged homogeneous membrane. 

Fig. 1 shows a system made up of solution 1 — membrane — 
solution 2 with concentrations of cations (Cm and M) and anions 
(Ca and -4.) in the Solutions and of the boundary surfaces 1 and 2 




424 


Erik Eriksson 



Fig. 1. A seheme showing a membrane soparating two Solutions. Conc. of cations 
and anion.s indicated by symbols. 


as indioated. The membrane is eonsidorod to behave as an elet*.- 
trolyte >vith immobile anions, the concentratioii of whieh is equal 
to X. 

By definition: 


C/m'i + dlUi + • • 

' — Z Cm, 

Cm2 + ^3/2 + * ' 

— 2 C.v/j 

Va{ + Ca'i + ■ ■ 

11 

Ga2 + Ca2 

• ^^Va, 

M, -1- Jlf" + • 

■=- IMi 

ilf 2 + H' •' 

■ =- IMi 

j 1, + jåj + • 

= 2’^! 

-dg “f~ -dg 

2 J., 

The electroneutrality demands that 



2" Cm, ~ 

2’C'^. 

(10 a) 



2’C^, 

(10 b) 


EMi - 

X + 2” 24, 

(11 a) 


ZM., = 

X + 2-.12 

(11 b) 


If the change of the Chemical potential of water is neglected, t hen . 
at equilibriimi between the Solutions and boundary surfa(*es resp. ^ 
(p must be zero, i. e., 


(p± — R T 


() (In C) 
dx 




( 12 ) 
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It is seen from (12) that at any point in tlie solution the Chemical 
forces are equal to the electrical. By integration of eq. (12) the 
potential between any point in solution and the corresponding 
boundary surface (ian be expressed by 


W W ^ ^ In — 

8urf. — “jp in ^ ^ 


E, 


surf. 


■E, 


sol. 


B T 6V>1. 
F 


for any eation and 
for any anion present. 


With this in mind the following relations can be written: 


Cm'i 

K ^ 

(■‘Mi 


m: 

(Jm'1 

M” 

Hm'; 


^ <±a\ ^ Ca'; 

a: a'; 


— r. 


Ca’, 

A'' 


Ca'; 

a: 


(13 a) 
(13 b) 


which are, as seen, Donnan distribution equations. By applyiug 
a simple mathematical rule (13) ean b<‘ written: 


IMi 

ICm. 

1 ! 

(14 a) 

1 ! 

ICa, 

lA^ 

(14 b) 


By coinbininK eq. (10), (11) and (14) and rg ean be expressed by 

\ 


r, = 


4 (i-r^.)^ + T 

' ) X®-i-4 (.T (7.4.)® 


r. — 


_ VX®j 4(2''('.,/ * X 


2 1'Ca, 


2 1 Ca, 

Vx® + 4(r(7.4/- X 


(13 a) 
(15 b) 


If the eoneentrations of eations and anions in Solutions 1 and 2 
are knowii as well as X", then the eoneentration of any ion species at 
the boundarv surfaees 1 and 2 can be calculated from (13) and (15). 

If Ä > 2^ C A (at least 10 tiines) then and ean approximately 
be writt<m 


X 
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If the coneentrations of an ion species at the boundary surfaees 
öE 

1 and 2 differ and : in the membrane is zero a diffusion of that 
öx 

ion will occur alon^r the gradient in the membrane. 

If the diffusion is sufficiently slow, the equilibrium at the boun¬ 
dary is instantly established and the concentration of an ion species 
at either boundary surface is governed only by the concentra¬ 
tion of that ion in the solution according to eq. (13) and (15), not 
by the rate of flow. 

If the membrane is thin the concentration ^adient in the mem¬ 
brane can be regarded approximately linear from the very bepn- 
ning (i. e. the diffusion obeys Fick’s first law). 

Under these conditions it is possible to derive an exj)ression from 

() C 

eq. (5), (13) and (15) for the flux of an ion species. Obviously ^ 

Ox 

can be written 

(IJ) 


where fc is the reciprocal distance between the boundary surfaees 
1 and 2. If r is expressed by eq. (16) the flux of any cation and 
anion becomes 


-Ji X 


l 






(IH a) 


(18 b) 


where h ET • ö * Ic = D • k) is called permeability and has IJie 
dimension of length divided by tinie. 

In eq. (18) the effect of the diffusion i)otentiid alsu iias becm 
neglected in that the mobility of all ions in the niembraiK* has 
been put equal. As will be shown later the influeii(*e of a diffusion 
potential between the boundary surfaees is quite unimportant if 
X is relatively great compared to 2JCa 
For the flux of ions according to eq. (18) a special case can be 
distinguished. If XCai^ XCa the flux for any ion be¬ 

comes 

h • ( Cm[ - Cm',) (19a) 


0A-h^ 


ZCa 


(Ca\ - Ca',) 


X 


(19 b) 



lonic diffiision through mernbranes 


427 


Thus, for a given membraiie and a given concentration of a salt 
the flux of the cations is inversely proportional to the total salt 
concentration while for the anions it is directly proportional. The 
effect of salt concentration on the diffusi on of a cation and an 
anion of a constant but different concentration in solution 1 and 
2 is shown schematically in fig. 2. It is seen that the absolute dif- 
ference in flow between a cation and an anion species is very great 
when 2JCa is low. As ZCa increases the difference becomes less and 
at big £Ca values the difference approaches zero. From eq. (18) 
it is seen that a similar relationship as iiidicated in fig. 2 also exists 
if e. g. ZCAi is constant. It has also been shown by Mattson et al. 
(1949) that in diffusion experiments with cellophane mernbranes 
the p]io8phat(i ion ( 11 ^ 1 ^ 07 ) diffuses niore rapidly the higher the 
salt concentration is. 

If HCa^ ^Ca^ it is seen from eq. (18), that wlien 

Vm\ _ 2:c\ 

Cm', 2:Ca, 

the flux 0A’ is zero. If Cm[ Cm, a flow of the ion M' will 
occur from the solution wuth the lower salt <*oncentration to that 
of the higher. 

Further, if 

ZVa, 

t hen 0A’ is zero, and if Ca[ Ca', a flow' of the ion A' w'ill occur 
from th(» solution with the higher salt con(‘entration to that of 
tlie lower. 

A case where 2" Ca^ 2' Ca^ and Cm'i ” Cm'^ ~ Ca'i “ Ca, is 
schemat ieally pi(*tured in fig. 3. 

The lotal flux of anions (0a) and cations (0m) must be equal 
jtnd the inagnitude of 0a "' 0m is 

{l'CAf _ {ICA.f 1 

\ r 4 (XCAf f .Y yx^ I- 1 (^('.4,)* -! J 1 

vvhich iipproxiniiitfly is 

0A^j[{XCAf- {XVa/] ( 20 ) 

From eq. (20) it is seen that the higher the value of A' compared 
to HCai t^nd I^Ca, the less is the total flow and the less is also the 
‘‘hange in HCai and 2’O^j for given volumes of sol. 1 and 2. Fom- 
paring eq. (18) and (20) it is obvious that it takes a comparatively 
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Fig. 2. 1’he thcoretical flux of an anion and a cation specios through a negatively 
charged merabrane as a function of tlio salt ooncontration. 




^v. = - o; x == i; ä ^ i. 


short time for the individual cations to reaeli an eqiiilibriuin stat(\ 
If -Y is big eompared to the salt concentrations in the Solutions, 
HCai and ZCa<i ean be regarded as constant durin^ the time it 
takes for the individual cations to reach the »equilibriuin» or steady 
State which can be written 

_2:ca, 

Cm', ihn '^Ca. ^ 

In 01 der to demonstrate the effect of the membrane on the diffu- 
sion of a cation and an anion a diffusion experiment has been per- 
formed with a cellophane sheet as membrane. Ckdlophane has 
rather weak acidic properties but it has one advantagt» namely, 
that, according to Meyer (1937), it does not influence the relative 
mobility of ions. The membrane separated two Solutions of equal 
volumes (500 ml). Both Solutions were 3 • 10“^-molar with respect 
to H 4 N]N ^03 and KOI was added so that in solution 1 the total salt 
concentration was 10~^-molar and in sol. 2 10~'2.inolar. Both Solu¬ 
tions were stirred and after different time intervals 10 ml portions 
were taken from each solution and analysed for ammonia and nitrate. 
The determination of IlgK and NO» was made in the same sample. 
For this purpose it was transferred to a 500 ml I^yrex flask and 
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Sol.1 n«mWat»e Sol. St 


3. Th(» oonoentration pradient of an aniori an<l a cation spenes in a inembrane 
wht^re 

« - = 01; <v. - f'.w; - » i «nd x = i 

- - - - <*()nc. of tlie eation M' in t)ie meinbrnne 

. (*onc. of tlie anion A' iii t)ie membrane 

- cone. of M in the ineinfjrane and of — in solution. 

<lihite(l to 150 ml, 2 ml 2-n NaOIl added and the flask eonnected 
to aii all ^flas8 diHlillatioii »et, and 50 nd distilled over and the am- 
Jiionia detennined by ineaii» of l^essler’» reagent. To the residue 
in tlie flask 0.2 ^ Devarda’» alloy was added, a new 50 ml portion 
distilled over and tln» aimnonia from the reduced nitrate deter- 
miiied iii the same way as before. 

(diange of the eonceutration of anunonia and nitrate with 
time is showii in fig. 4. The amnioniimi reaches a maximum in sol. 
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Fig. 4 . H 3 N-N and NOg-N in aol, 1 and 2 as a function of timo in a diffusion 
exporimont witli a cellophano membrane. Initial conrentration. Sol. 1:3* 10 *-rn 
H 4 NNO 3 , 7* 10 KCl. Sol. 2.: 3-10 «-m H^NNOg, ».7- 10*3-rnK(1. Tho voliiines 
of sol. l and 2 wero erjual. 


2 as expeeted. IJowever, the aoidic properties of tho iiieinbraiio 
are rather week else the effect should have been nmeh niore jiro- 
nounced. 

The »diffusion effect», i. e., the fact that ions cari diffuse throu^h 
a membrane against the apparent diffusion gradient was first demon- 
strated by Straub (1933) who used a clay cylinder filled with sul- 
phurie acid. When he dipped this cylinder in a weak salt soliition 
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he got a higher coricentratioii of the cations iiiside the cylinder 
than outside. Later Teorell (1935 c and 1937) developed a tlieory 
by which Steaub^s results eould be explained. As the theory is 
of interest it will be briefly suiiunarized liere. If a inenibrane (with- 
out electric properties) separates two salt mixtures and a salt DA 
is allowed to diffuse through the membrane at a constant rate 
the »passive» ions distribute themselves on eaeli side of the mem¬ 
brane according to the equation 


log 


log 


'a/; 




di — ö- Cj)^ -f- (E ) 

ä, . ä - r„, i (i-(!.,,) 


( 22 ) 


vher(‘ ö i and (5- are the inobilities of the diffusing cation and anion, 
(2’rj/) tlie lotal coiiceiitratioii of the passi\e cations and Cj) tlie 
conc(‘ntration of the diffusing cation. Wlien om* of tlie diffusing 
ions is iinnH)bih‘ t his relation expresses the Donnan equilibriuni. 
Jt is s<‘<*n that eq. (22) resembles e<i. (21) which, howevcT, is an 
api)roxiinativ(‘ expression for the stea<iy State Writteii in full eq. 
(21) b<‘(‘onn‘s 


('a\ _ . ] A-'* - 4 (2T -= A ^ 

Ca\ ^(!.u I A * t A 

-- --- r C2li) 

The pot(*ntial lH*t\\een the tv o Solutions at the State characterized 
by eq. (23) is 

Ji T 

- lu/‘ (li4) 


<’.u; 
f '.l/o 


which is identi(*al with the potential at) the State characterized 
by t*([. (22) whicli is 


AE 



From this the relation 


ö I - d- 
^ -f d~ 


log 


VX- 1 4(27(7.4,)" 


-I- X 
-f- X 


loK 


2’C.w. 

ECm, 


(2f>) 
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can be derived which shows that if the real mobilities of all ion» 
are the same, the apparent mobilities of a diffusing cation and 
anion at the steady State is a function of both the concentration 
ratios and the absolute concentrations. 

If, besides the membrane potential, there is a puro diffusion 
potential due to unequal mobilities of a diffusing anion and cation 
the potential across the membrane changes with the amount eon- 
tributed by the diffusion potential. Apparently if there is no diffu¬ 
sion potential then and = etc. for all »passive» ions. 

When there exists a diffusion potential between the bouudary sur- 
faces all passive ions will be distributed according to eq. (22) thus 


log 


K 

K 



rjfi 

6^ +å- EM^ 


(27) 


where EM^ and EM^ are tlie surn of both the diffusing and passive 
ions. Usirig the relation (13), (14) and (15) eq. (27) ean be writteii 


1 




2 , VJC’ ■+ 4 I .T 

l0£r —— — — _ -- 

<5+ -+■ å- - yi* + 4 j 


4 


A, 


( 28 ) 


When ö| — this eq. can be transformed into eq. (23). It (^ari be 
seen tha-t when XyÖA a difference in mobility of the diffusing 
ions jday a very unimportant role eompared to tlu^ membrane 
potential. The magnitude of the diffusion potential al tlie st(‘ady 
State is given by the expression 


A Ea - 


ö t + å— 


Ti T + 4 (KU,? I- 

f' “vz*+"4(2’(?.,J2 i X 


( 29 ) 


Diffusion of univalent ions through a jiositively 
charged membrane. 

Por a positively charged membrane eq. (15) is valid if X is given 
a negative value. The approximations, however, changes so that 

ri ~-|^| (30 a) 

^Ga, 

--\x\ 


rz 


(30 b) 
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5. CoTio. of un union spefies at the boundary surfaoc a.H a fimction of tho salt 
< on<*ontration in tho solution and the vulence of tho salt lons. Cj^> ~ 10"^. 


<f>.w ~ I YI {Cm', i Ca,- Cm', ■I:Ca,) (31 a) 

(31b, 


where |A"| is the absolute value of X. 

Wliat has beeii said of anions before is here tme for cations and 
viee A^ersa. Of special intcrcst is eq. (23) which ean be witteii 

_ .,. _ Ca', _ . _ XCa, . f(XCAf 4 X 

Cm', ' " Ca', ' ' ' Kz* + 4 


(32) 
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Diffussion of univalent anions through a negatively 
charged membrane in presence of uni- and 
bivalent cations and anions. 

It is impossible to treat this subject in the same way as befor© 
because the distribution ratio r cannot be expressed as an explieit 
function of X and the salt concentrations. The effecd of bivalent 
cations and anions on the diffusion of univalent anions is of ^^reat 
interest in some oases and can be relatively easely studied theoreti- 
cally. 

If the conditions at e. g. boundary surfae.e 2 are constant, all 
(dian^yes of the flux of an ion species must be due to chan^res of the 
conditions at boundary surface 3. It is tlierefore sufficient in this 
(*ase to study the comientration of univalent anions in the boundary 
surface 1 as a function of the concentration of another salt in sol. 1. 

Suppose the diffusion of the univalent anion A' is to be studied. 
Its concentration in tlie solution is (Ja’ and in the boundary surface 
ul'. The distribution ratio is r and the concentration of finotlnu* 
salt in solution is tsait. The relation betwoen A' and ('a' can always 
be written 



Eor diffenmt types of salts the followiiii»' relations are valid (Cmit 
exjiressed in norma-lity) 

a) iiniunivalent salt 


a 


salt 


Ca' (1 


- rn } 

r2_l 


r X 


(34 a) 


b) unibivalent salt 


C salt — ^ * 


(1 


\ r X 


(34 b) 


c) bi univalent salt 


C^salt — 


CaA^ -~r^) 4 r-X 


(34 c) 


d) bibivalent salt 




OA'{l—r^) + r-X 


(34 d) 
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If r is solved in eq. (33) and tliis value is used in eq. (34), the relation 
between Csait and A' is obtained. In fig. 5 A' is shown as a funetion 
of Csait for different types of salts. Ca' bas been put eqnal to 10 
and X ™ 1. At higber concentrations the presence of bivalent 
anions favor the diffusion of univalent, a fact which also has been 
observed by Mattson et al. (1949) in their diffusion experiments 
with H 2 PO 4 through cellophane membranes in pre 8 en(*.e of diffe¬ 
rent salts. The effect of bivalent cations is very great which is also 
observed in the diffusion experiments inentioned. 


Discussion. 

The validity of the equations derived depeiids on the validity 
of the assumptions made. Tn diluted Solutions aetivity of salts can 
a])j)r()ximately be put equal to the concentrations and the theory 
of Teorell and Meyer-Sievers has been proved on several oeca- 
sious (for refer(un*es see the introduction) to hold at low concen- 
frations. Tn cases wlieri*, the approximations may look very rough 
il is always possible to draw qualitative conclusions from the equa¬ 
tions. 


Diiliission of univalent ions thraugh a negatively charged 
ineiiibrane under influence of oxidation- 
reduction processes. 

Consider the system shown in fig. 1 but with tlie additional 
conditions shown schematically in fig. 6 . In the membrane betw^een 
the boimdary surfaces there is a mobile enzymatie oxidation-reduc- 
tion system which consists of organic Fe-compounds where the 
Ft‘-ion bound by two negative valences can be bi- or trivalent. 
Further it is assumed that the position of the ferric ion in the com- 
pound li is such that its remaining charge cannot be electrically 
neutraliz(Ml by the immobile negative charges of the membrane, 
only by an univalent mobile anion. The ferrcnis coinx)ound is rax)idly 
oxidiz(‘d by molecular oxygen at the boimdary surface 1 aiul tlie 
ferric (*omj)ound is rapidly redu(*ed by molecular hydrogeii a t the 
boimdary surface 2 . Tlu» membrane is imi)ermeable to oxygen and 
hy drogen. 

The Chemical juocesses occurriiig at the boimdary surfaces 1 
and 2 can be written 

ll(i>Fe f I/ 4 O 2 f ir } A- -= Ka)FeA I 1/2 lU) (I) 
E^ 2 )FeA I 1/2 H 2 -= Jl z Fe t f A^. (11) 

28 - 4S1U(> Kufigl. Lantbrukshoyskolam Annaler, Vol, 
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Sol.1 

Meml^ranc 

5ol, 2. 


Rj;' 



Conc. of oxy^en 

1 

R(flFe 

Conc. of })|^Jro 3 en 

Co, 

d 

U 

< H ■></! 


Ch, 


0 01 

.sr 

( 



Fig. 6. The same sclieme as in fig. 1 but with the additional conditions inontioned 

in the text. 


The corresponding potentials are 

, ,RT B^i]Fe RT 
Eai = Eo,- ien. + In + 4 > + 


7? T 

4 ^ In Hi • (Hr, U) 


V v<> i. ET B^2\FeA ET 

E.2. - E,nz - Eu, + -^ In y- i ^ p In C;/, 


RT ^ 1 

+ ^ Ui ■ 


(3r> 1,) 


The suni of these two potentials gives a ineasiire of Ihe (niergy 
involved in the proeesses and is (j&7 /, = 0). 

P.-s- r. , BT R,„Fr-K 2 xr,A ^ 

^ 4 -R ■“ 7i„. F,A . 7i„, ,V " 

ÄT, 2’y4i 

F Hi 

In this expression Eo. is the standard i)otential of the rea(*tion 
O 2 f‘ 2 H 2 — 2 H 2 () and if Co.^ and Ch^ are (»onstant 

E' = ^ö.. + f|ln C\-Ch, 
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Further, and EA can be substituted by Gh+ and ECa using 
relations (13), (14) and (15) and eq. (36) can be written 


ETfln 


Byi)FeA 




When tliere is no transport of electrons in the membrane, E[i) is 
equal to and thus E zero and then also Ea) EeA = B^ 2 } FeA 

and E[\)Fe ~ B^ 2 )F€. This gives the relation 

ChI^ECa, 

B ut as hy drogen ions are formed in sol. 2 they will be exchanged 
by other cations until the State where 


^ Gm. ^ ECa, 

Cnf Cm\' " ECm, eg a, 

is reaohed. Eq. (38) then c.an be written 


or 


BT In 


ECm, ECa,_^ 
ECMrEGA,- 


EThi f 

E Ca^ 


EGma.a^F-E' 

EGma^, 2 


(39) 

(40) 


Thc‘ last expressiori shows the highest possible aecumulatioii ratio 
of a salt MA ndated to the <‘nergy released by the formation of 
wat(T from oxygen and liydrogen. 

Th(‘ transport of anions Avitli t lie Fe-eompound is 

hr (Ba) F( A - B:>, FeA). 

A eertain amount of anions will diffnse from sol. 2 to 1 and the 
total flux is therefore 


0A - JhABa^FeA - B^z FeA) + 


i 2 h 



{EG^f 

! X 


(ECAf 

vx^ r 4 (i; C’'!’)* -t X 


(41) 


From this expressiou it is scen tluit for a {jiven anioiint of available 
eiior^y the a<‘eimmlation ratio increases ■witli incroasinfr -V value 
or deereasiiifr salt coiieentration in sol. 1. If then the salt eoneen- 
tration in sol. 1 varios, the salt eoiieentration in sol. 2 varies less 
eojiipared to sol. 1. 
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If the carrier compound should be more or less fixed in the mem- 
brane but the distance between them not greater than anions could 
»jump» from one carrier to another (there will always be the Brown- 
ian motion) the equations derived should still be valid. The greatest 
possibility for an electron juinp to occur from a ferrous ion to a 
ferric would be when an anion on account of its kinetic energy or 
the Brownian motion of the ferric compound moves from the ferric 
towards a ferrous ion. As there is no gradient in the membrane the 
electron transfer would stop when the distribution of bi- and tri- 
valent Fe ions in the membrane is uniform. This happeiis only 
when By\)FeA B[<i)FeA and consequently B[\)Fe = B{ 2 )Fe, condi- 
tions which Icad to eq. (38). 

Lundegårdh (LundegArdii 1940, 1941, 1945 and 1947) found 
a close relationship between respiration and anion uptake in young 
plants and has put forward the hypothesis that it is the change 
of valency in the cytochrome enzymes diiring the respiration pro¬ 
cess that is responsible for the transport and accumulation of anions, 
cations being possibly drawn in by this process lo account for the 
electroneutrality. This hypothesis is very likely from the point 
of view of the equations derived here which give it a qiiantitativc^ 
interpretation. It is, however, seen that not only anions but also 
hydrogen ions must be involved in such a process. 

If a process of the type described here is responsible for a(*tivct 
accumulation in biologic systems there is of (iourse no liydrogen 
gas in the tissues that delivers the electrons. But there are several 
known hydrogen acceptor-donator systems (see e. g. IIöber 1946) 
which oxidize organic compounds (gluc.ose etc.) by deliydrogena- 
tion jind are oxidized by carrier enzymes deUvering the hydrogen 
in this way. The energy available for accumula tion is t hen pro- 
duced by the reaetion 

1/2 O 2 + BH 2 = HgO + K 

where E is the oxidized and EII 2 the reduced dehydrogcuiation 
enzyine. 

In biological systems there are also several kinds of carrier (ui- 
zymes. As the available energy only depends on the initial and 
final stage this does not alter the derived equations in prineijde. 

The carrier systems in many biologic systems are made iij) of 
Fe-compounds where the Fe ion is bound in a hemin groiip. If 
such an Fe ion will be able to carry anions depends on the stereo- 
metric make up of the hemin group, i. e. if the charge of the Fe 
ion is neutralized by the »membrane» or only by mobile anions. 

The ferric ion is known to have a great affinity for hydroxyl 
ions but as it seems to be bound by two valences in the hemin group 
and the resonance energy is high the affinity for hydroxyl ions should 
be lowered. If the »membrane» is negatively charged, the hydroxyl 
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concentration is rather low and do€^s not interfere in the transport 
so much. If the hydroxyl concentration were high, the result of 
the energy transport through the membrane would be a transport 
of hydroxyl ions which on the reduction of Fe-ions by hydrogen 
would lead to the. fornxation of water. 

A system as described here would also be able to carry water 
actively as the trivalent Fe ion has a smaller size and is more highly 
hydrated than the bivalent and this may have some importance 
in biology. Lundegårdh (1945 and 1948) has, however, shown 
that water will be transported with the salt by the active accumu- 
lation process and that this amount of water is very great. 


Summary. 

The i)roblem of ionic diffusion through membranes has been 
treated theoreti(*.ally and it is shown that the charge of the mem¬ 
branes plays a great röle for the rate of diffusion and distribution 
of ions at the steady State. 

A model for active transport of salts through a negatively charged 
membrane under the influence of an oxidation-reduction process 
has also been described and equations derived relating the accu- 
mulation ratio to the energy involved in the oxidation reduction 
process. Processes of this type are believed to have great impor¬ 
tance in biology. 
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Studies in the Bacterial Flora of Various 
Yoghurt Cultures. 

By (^ERDA NILSSON. 

From the Insiitute of Microhiology. 

Metöclmikoff oiicf* put forward the theory tliat, by eating lar^ie 
quantities of yojjhurt, it should be posf^ible, to inodify tlie bacterial 
flora of the inteatines, resiiltinjr in an enrichnient of the baeteria 
dorninatin<? in yo^diurt and a auppression of iindeRirable putrefyinp: 
baeteria. This tlieory has, however, been deelared incorrect by later 
work<»rs, sneh as and Hettger(I), Investigations have shown 

t hat Therinobacterium bul^niricmn, which is said to be generally 
found in yo^jhurt, <ioe8 not survive in the lunnan intestines, even 
wlnni HiippliiMi daily for a lon^ period. This opinion is supported by 
the faets that Thernioba(*terinin bul^aricum eannot produce aeid in 
a substrate of fae(‘.eR extraet and inilk and has never been isolated 
from faeees. The only ro<l-shape<l lactie. aeid baeteria present in 
faeees are those whicli are norinally pr(‘sent in human intestines, 
viz., Baeteriuin bifiduni and Therniobaeterium intestinale, both 
of wliieh were isolated by Tissier (2) and Moro (3), respeetively. 
The lat ter form has valuable dietary ])roperties, whieli was first 
point(‘d oiit by Hi ll and Hettoer (1), who suy, however, that 
this holds partieularly when there is a disturbanee of the di^c^stion. 
As a result of Hettger’s work a pure eailture of Therniobaeterium 
intestinale, the aeidophilus milk, is larfxely used in the U. S. in- 
stead of other soiir milk produets. 

In attempts to isolate and study the yoghurt baeteria apjiarently 
only laboratory cultures, not eommercial yo^liurt, have been used. 
Orla-JensEiN (4), for example, elairns that he has isolated and identi- 
fied Therinobacterium bulpiricmrn and Thermobaxterium yoghurt 
from cultures received from Professor Metschntkoff and from Pro¬ 
fessor l^RANTKOHOFF ill Sofia. Aceording to Orla-Jensen, Thermo- 
baeterium yoghurt is not< identical with Thermobaeterium bul- 
garieum, whi(*h lat ter form lioes not eont aiu volutin grämdes and 
pr()du<*es more aeid. Other authors are of the o])inion that these 
two types are varieties of the same species. 
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To obtain information as to the species actually dominating in 
commercial yoghurt, as it is now produced and sold by the dairies, 
an investigation was made during the summer of 1947 of a great 
number of yoghurt cultures used in Switzerland, where yoghurt was 
produced as follows: 

Ordinary milk was boiled, rapidly cooled down to 40° 0, and ino- 
culated with a yoghurt culture. It was then kept at this tempera- 
ture until the milk had coagulated, which usually took 3 to 4 hours. 
After that it was kept at room temperature for 1 to 2 hours and 
then stored in a refrigerator until it was to be consumed. It should 
then be at least 12 hours old and have an acidity of not inore than 
44 SH. 

The cultures investigated came from the following dairies: 

1) Bernische Verbandsmolkerei. 

2) Guts Molkerei Hofwyl. 

3) Verband nordwestschweizerischer Milch- und Käsereigenossen- 
schaften in Basel. 

4) Verbandsmolkerei in Ziirich. 

5) Verbandsmolkerei in Geneve. 

The investigation includes a study of the original cultures and the 
isolation, cultivation and identification of the microorganisms 
present. 

Thus, the original cultures have been investigated as to acidity 
and number of bacteria. of different kinds per ml. 

For the purpose of isolating all varieties of bacteria in the yoghurt 
the experiments were carried out for different ])eriod8 of time, at 
different temperatures, and under aerobic and anaerobic conditioiis. 

Thus the yoghurt was transferred to skim-milk (sterile skirn-inilk 
made of skim milk powder) in a dilution series from 10'^ to 19'**. 
From every culture 4 tubes were inoculated, two of which were in- 
cubated at 38° C and two at 45° O. At each temperature, new trans¬ 
fers wTre made out of one series as soon as coagulation had begiin, 
in order to get pure cultures of the bacteria growing most rapidly. 
The second series was designed to cultivate and separate the slowly 
growing but acid-tolerant species, and a new transfer was tlierefore 
made only once a day. 

After the ('ultures had been grown for two days as d(*s(*ribed ahovc», 
they were examined under the microscope. The tubes whh^li had the 
most uniform and i)ure growth were taken for continued cultivation, 
one tube for each series and temi>erature. Tliey were now trans¬ 
ferred with a Burri loop to whey-peptone-agar and grown at 30° C. 

Dilution series from every yoghurt were made with whey-peptone- 
agar and (*itrate-agar as substrates. Transfers were also made on 
agar slants with the same composition. As the lactic acid bacteria 
are facultative anaerobes, the tubes containing agar were anaer- 
obically sealed. 
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From the cultures obtained in these different ways, repeated 
transfers from single colonies were made on whey-peptone-agar and 
milk, until pure cultures were obtained. Concurrently the bacteria 
were studied under the microscope. 

The subsequent diagnosis was carried out on 5 cocci and 6 rods 
aecording to Bergey (5) and Oela-Jensen (4). 

The cocci all occurred as diplococci or in the shape of short chains. 
All five redu(5ed litmus, when the milk had first coagulated. No 
growth occurred on milk containing 0.1 % methylene blue. With 
glucose broths, containing 6.5, 4.0 and 2.0% NaOl there appeared 
af ter a considcrable time a weak growth on the substrate with 2.0% 
NaOl, but none on the other. The growth in milk at 50"" C was weak 
but definite, especially if a fresh culture was used for the inocula- 
tion. Wlien the tubes were inoculated with a culture a few days old, 
the bacteria couhi not devclop. 

Since from preliniinary experiments peptone-beef extract appeared 
to be the best source of nitrogen, this substrate was used with an 
addition of various sugars and with china blue as an indicator for 
studying the ability of the bacteria to ferment different sugars. 
Fructos(‘, glucos(‘, saccharose, maltose, and lactose were strongly 
ferniented by all the cocci. 

The cocci appearing in all the different yoghurt cultures may, 
judging from the diagnosis made, be considered as Strcptococcus 
thermophilus. Only the growth in a nutrient solution containing 
2 % Na(l differs from tlie data in BER(iKY’s Manual of Determinative 
Bacteriology, aecording lo which no growth appears in such a salt 
solution. But aecording to (Jrla-Jensen (4), the Streptococeus 
thermophilus cuii grow in a salt solution of up to 2.5%. 

The rod-sha])ed bacteria were all long rods, often united in chains. 
Their temperature optimum A\a8 ascertaiiied by transferring a very 
small inoculum (10“^) to fläsks containing sterile milk. The milk 
was t hen distribut ed in test tubes and iiicubated at the followiiig 
temperatures: 27, 30, 35, 38, 40, 45, 48, 51, and 54"" C. The produc- 
tion of acid was followed by titrations. Through the use of such a 
small ino(‘ulum, ch^ar evidence of the ability of the bacteria to de- 
velop and ])roduce acid was obtained. The growth optimum of all 
tlu^ bacteria w as between 38°—18° (\ 

To investigate the by-produets formed by the rod-shaped bacteria 
and the configuration of the lactic a(*id, 500 ml sterile skirn-milk 
was inoculated with 2 ml culture, and ineubated for a week; the acid 
produced being gradually neutralized with calcium carbonate. The 
amount of volatile acids obtained in the subsequent distillation, was 
negligible. The residue after the distillation was filtered and eva- 
porated to about ^4 original voluine. The solution, acid to 

congo red, was saturated with ammonium sulphate and filtered. Tlie 
filtrate was extraeted with ether and the remainder saturated with 
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zinc carbonate. The excess zink carbonate was filtered off and the 
solution evaporated on a boiling water-bath and then crystallized 
at room temperature. The water content of the resulting zinc salt 
was about 12.9 % in all tests. The salt proved to be dextro-rotary 
in the polariineter, and thus derived from Mactic acid. 

It was found that all the lactobacilli ferinented fructose, glucose, 
mannose, galactose, saceharose, maltose, and lactose. Dextrin was 
ferniented only very slightly. 

Bo the rod-shaped bacteria, occurring in all the different yoghurt 
cultures, were in all probability Thermobacterium lactis. The typical 
bacterial flora of yoghurt was thus not found in any of the cultures 
investigated. Tliis might perhaps be explained on the basis that the 
cultures are, in practice, not grown under sterile conditions and, as a 
result, even if they possibly eontained the right bacterial flora ini- 
tially, they be(U)nie gradually infected by other therrnophilic bac¬ 
teria, in this case Thermobacterium lactis, which, under tlie given 
conditions, has been able to develoi) so vigorously that it finally 
became the dominant rod form. According to JIenneberg (0) 
Thermobacterium lactis always appears in the small intestine of 
cows and is present also in original yoghurt togethcT with Thermo¬ 
bacterium bulgarieum. Orla-Jensen and coll. (7) also maintairi 
that Thermobacterium lactis appears quite conimonly in fa<M*,es, 
and that it is the only baeterium wliich can be mistaken for 
Thermobacterium intestinale. 


Conclusion. 

From the results obtained in the present investigation, it can be 
conciuded that it may never be taken as certairi that- ordinary com- 
mercial yoghurt has Thermobacterium bulgarieum as tlie doniinating 
rod form. To estimate the dietary value of a sour-milk produd, 
thereforo, not only the laboratory isolates should be studied, but 
also the bacl-erial development ocjcurring in tlie producl- under prac- 
tical conditions. It is possible that bacteria which survivc in the 
intestines may dominate in commercial yoghurt, and that the yog¬ 
hurt hereby can have a certain dietary value. The exteut to which 
the present results are appli(*,able can, however, not be stated until a 
greater number of yoghurt cultures from different places has been 
examined. 

The investigation reported in this papor was inainly made dviring the 
author’s stay in the »Eidgenössische milehwirtsehaftliche uiid baktoriolo- 
gische Anstalt», Liebefeld, J3ern. 

My thanks are due to Dr. W. Ritter for valuable advico and oriticisin 
throughout the investigation. 
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The Formation of Sulphuric Esters of Phenols in 

the Chicken. 

By IVAR SPERBER. 

From the Inatitute of Animal Phyaiology. 


No investig:ation has hitherto been made on the formation of 
sulphuric esters in birds. The only information on this point seems 
to be the report by Szalagyi & Kriwiischa (1914) that the urine 
of hcns and ducks contains very small amounts of Vthereal siilphate’. 
The present investigation was primarily intended to fill this gap. 
At the same time the effeot of the administration of small amounts 
of phenols has been studied, as such a mode of administration ap- 
proximates more olosely the natural processes, and is tlius more 
suitable for elucidating the normal handling of phenols by the body, 
than the usual administration of fairly large doses. Information 
about this point seems essential to a correct understanding of tlie 
significance of so-called detoxication mechanisms. The eoneept of 
detoxication and the terminology pertaining to it have been much 
diseussed recently and the whole concept has been severely eritieised. 
Though the criticism is in many respeets obviously justified and has 
undoubtedly clarified the matter considerably, it may in some in- 
stances have gone too far, causing the abandoiirnent even of well- 
founded and useful points of view connected with the old(*r usage. 
As the facts reported in this paper are to some degree relevant to 
this question a discussion of the concept of detoxii^ation has been 
appended. 

Material and methods, The compounds investigated are j)henoly 
catechol, resorcinol, quinol and phloroglueinol. 

Sulphuric esters have been determined by the method of Sperber 
(1948 a). The free sulphate in the sample (5 ml) is precipitated by 
1 ml 1 per cent w/v barium chloride solution in about 0.2 N liydro- 
chloric acid. The barium ions are removed from tlie centrifugate 
by the addition of 1 ml 5 per cent w/v sodiuin carbonate. After 
<^entrifuging again, 3 ml of centrifugate are hydrolysed in approx* 
0.25 N hydrochloric acid and the resulting sulphate is determined 
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turbidimetrically after addition of 0,1 gm solid barium chloride. 
A photoelectric colorimeter according to Havemann has been used. 

Glucuronides have been deterniined according to the method of 
Maitghan, Evelyn & Browne (1938), The sample (2 ml) is mixed 
with 2 ml of 0.2 per cent (w/v) naphthoresorcinol and 2 ml of con- 
centrated hydrochloric acid. After heating in a boiling water bath 
for 30 minutes the colour is extracted with 15 ml etlier-alcohol 
(200 ml i3eroxide-free ether mixed with 15 ml 96 per cent v/v ethanol). 
The light absorption of the ether layer is measured in a colorimeter 
of the Evelyn type, using the filters Schott & Gen. bg 7 and og 2. 
The calibration curve was prepared from known aniounts of phenyl- 
glucuronide. 

All calculations have been made on the assumption that only 
monosulphuric esters and rnonoglucnronides are present, and that 
the glucuronides formed give colour in proportion to their glucu- 
ronic acid content. Probably none of t hese assumptions are strictly 
true, hut the deviations are probably not serious. 

White Leghorn hens, weighing about 1.5 kg have been used. They 
are fed once a day and the expermients have been perforrned before 
feeding. 

The collection of urine uncontaminated by faeces lias been effected 
by the method described in a previous communication (Sperber 
1947 a). The urine flows through a rubber funnel sutured into the 
cloaea and is c.ollected in a test tube. To ensui*e a satisfactory flow 
of urine about 50 ml of water are given prior to the beginning of the 
experiment. 

The phenols have been injected into the pectoral muscle dissolved 
ill a small quaiitity of water (in some experiments with small quan- 
tities of resorcinol the injection has been made into the leg). 

A series of control experiments has been performed, to study the 
spontaueous ciiaiiges in the excretion of glucuronides and ethereal 
sulphate under these conditions. It has been found that on an average 
(8 experiments) the decline in excretion is small during the first 
hour, (during which the urine flow is relatively high, but slowly 
declining) but låter becomes more rapid and variable. In calculating 
the increases in excretion of the conjugated phenols a corresponding 
corre(*tion term has been applied, when the amount of the phenol 
injected is small (below 4 mg). In these cases the period used for the 
calculation has been restricted to the first 75 minutes of the exi)eri- 
ment, t-o avoid the considerable uncertainty with regard to the value 
of the correction term for longer i>eriods. Though t his, of course, 
will give slightly low values for these experiments as eompared with 
those, in whiidi larger amounts have been used, the difference is 
( ertainly small. The correction term is 0.10 mg phenol for the glu- 
curonide and 0.07 mg phenol for the sulphuric ester, and correspond- 
ingly more for the phenols of higher molecular weight. 



448 


Ivaj^ Sperber 


mq/min 


015 




SULPHURIC ESTER 



— 

-- 


GLUCURONIDE 

A 

010 





105 

r 





U 




G 

• t 

30 


60 Timc.mtnules 


mg/mm 


0j>5| 



Of 30 60 Tim«. minuies 


mq /min 


60 Time. minules 


Fig. 1. The excretion of glueuronides and sulphuric esters after the injection of 
phenol. At the time indicated by the arrow has been injected in A 10 mg, in 
B 3 mg, in C 1 mg phenol. The results are expressed as mg phenol. 


liesultH, The excretion of sulphuric esters and glueuronides after 
the injection of the phenols under test is in inany respeeds A'ery si¬ 
milar. As shown by figs. 1 and 2 the excretion of the (*,onjugated 
eompounds rises rapidly after the injection, reaches a maxinuiin 
usually within half an hour and deereases fairly rapidly; the ex¬ 
cretion has returned to nearly normal levels within fOO minules. 
This is the case also with the excretion of sulphuric esler after the 
injection of quinol, whereas no marked rise in Ihe exeredion of 
glucurouide oceurs with this compound. 

Phenol, The results of the experiments are tabulated in table 1. 
The mean ex(?ess excretion of glueuronides after the injeettion of 
8 rng or more corresponds to 41 % of the phenol injected, and of 
ethereal sulphate corresponds to 50%. The figures when about 
three mg have been injected are 17% and 70% and when smaller 
amounts have been given 13 % and 57 %. These figures seem to indi- 
ea1>e that the amount of glucuronide exereted is comparatively 
small when little phenol has been injected. An analysis of the var- 
ian(*e shows that the difference, is significant. 

An examination of the curves of excretion secuns to sliow^ that 
generally, as shown in fig. 1 the excretion of glucuronide rea(*hes its 
maximum more rapidly than the excretion of sulphuri(‘ ester and 
deelines more rapidly too. This is probably true at all dosage levels, 
but owing to the very low glucuronide excretion in three of the ex¬ 
periments with 1 mg phenol this is impossible to jiidge at this level. 

The average formation of conjugation eompounds corresponds 
to 83%. 

The glucuronide excretion at the highest dosage agre(>s well with 
the vallie found in some i)revious experiments, using 20 mg (43%). 
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Fig. 2. The excretion of gluo.uronidea and siilphurio esters after the injection of 
A 8 mg catechol, and B 10 mg resorcinol. 


Catechol. The results with this coiuj)Ound are ao airnilar to thoae 
obtained witli pbonol that little needa to be added, except that the 
data are loo f(‘W to pennit very definite coneliiaiona. The ^reeovery’ 
is 82%. 

liesorrinoL The mcan excess excretion of j^hicuronides after the 
injection of this substance is 58% at the bigher dosage and 02% at 
tlie lower. This does not indicate any change with level of dosage, 
rior do the figures for tlie sulphuric ester fonnation (20 and 23% 
resp(*etiv(‘ly). 

Usiially, as in fignre 2 By the excretion of glucuronide and ethereal 
siilphat(‘ run juirallel, though this is of conrse difficult to assess 
iu the experiments with low dosage, as the sulphuric ester excretion 
is very low in t hese. 

The av(‘rag(‘ excretion of c,onjiigation coinpoiinds corresponds to 
82% of the injec.ted resorcinol. Tlie excretion of glucuronide in the 
present- series is slightly higher t han iu the experiments rexiorted 
previously (HeEKUER 1947 a). 

Quinol, As indicated by table i, hardly any formation of gluciiro- 
nides occurs afttT tln* injecdion of this coinpound, but the formation 
of sulphuric ester is considerable. This is the case whether the dosage 
is high or low. This is not due to au inliibition of the naphthoresorci- 
nol reaetion, for plnmylglucuroiiide added to the urine exereted is 
<piantitatively recovered. 

PhlorogluriitoL The formation of sulphuric ester from this com- 
])ound is almost as insignificant as the formation of glucuronide 
and the total formation of conjugation compounds of thesc types 
(‘orresponds to 18%. 

JMseussum af the residU. Granted the assuinption that only or 
niostly monoglucuronides and monoesters are exereted the results 
show that phloroglucinol is the only coinpound among the phenols 
(‘xamined, vvhieh is destroyed to a measurable degree. The recovery 
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of the other phenols seems to be very high. Indeed the amount of 
glucuronides and sulphnric esters after the injection of phenol is 
at least as higli as after the injection of the phenylglucuronide or 
phenol sulphnric ester (cf. Speeber 1948 b). It may even be higher. 
This may possibly be explained by a inore rapid reabsorption of 
phenol than of the conjugated compounds at the site of injection, 
resulting in a relatively slower excretion for the latter, when injected, 
than when formed in the body. In this respect it may be pointed 
out that the pectoral muscle is far larger and better vascularised 
and less infiltrated with connective tissue than the leg muscles, 
wliere the conjugated compounds were injected. It is therefore not 
necessary to conclude that diconjugated compounds are formed. 

It is especially to be noted that the excretion of conjugation com¬ 
pounds is not less with the lower dosages, indicating that the destruc- 
tion of the phenolic compounds does not proportionately incjrease 
when they are administered in amounts not much different from 
those normally formed in the body. 

As mentioned previously the excretion of glucuronide rises inore 
rapidly and decreases earlier than the excretion of sulphuric ester 
when phenol is injected. The same is probably true for catechol. 
Several reasonable explanations are possible. The sulphuric ester 
may be excreted more slowly than the glucuronide. The efficdency 
of the tubular excretion is probably somewhat higher for the glucn- 
ronide (Sperber 1948 b), but it seems uncertain whether the small 
difference in this respect could influence the curves of excretion 
sufficiently. 

As the concentration of the phenol in the blood will be decreasing 
during the main X)art of the experiment, the observed difference 
in the excretion of glucuronide and sulphuric ester can be explained 
by assuming that the relative rate of formation of glu(;uroiiide de¬ 
creases with the phenol concentration. This view is substantiated 
by the observations at different dosages. It seems quite reasonable 
to ascribe the observed difference inainly to this factor.^ Furth<*.r the 
oircunistance that resorcinol shows no apparent difference in the 
relation glucuronide : sulphuric ester either with tinie or dosage, 
points to the same conclusion, though of course the data available 
are too limited to allow of a definite conclusion. 

It must be iiointed out that the basal levels of glucuronides and 
sulphuric esters found in these experiments cannot be used for c.al- 
culation of the amount excreted yer diem by chickens. The basal 
value for the glucuronides includes probably the chromogenic equi- 

^ I^honylglucuronide, injorted into the ehieken is probably to somo extent 
converted into sulphuric oster (Spekber 1948 b). The opposite ronversion does 
not seem to occur. A limited rontinuous convorsion of part of the glucuronide 
formed may possibly explain both the time curves and the dosago differenres 
observed. 
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valents of interfering substances, as the method of determination is 
not very specific. In addition, with regard to both types of com- 
pounds the excretion probably shows consistent variations during 
a 24 liour period, dne to feeding and other circumstances. The con- 
ditions of the experiments (high diuresis) may also influence the 
basal level found. But in any case the findings warrant the statement 
that glucuronides and sulphuric esters occur in normal chicken 
uriiie. 


The Concept of Detoxication: A Short Discussion. 

The literature on this subject is very extensive. A review of the 
niore imx)ortant papers would occux)y disproportionately much 
spacc. As the reviews by Hefftek (1905), Sherwin (1922), Am« 
BROSE & Sherwin (1933), Harrow & Shbrwin (1935), Quick (1937), 
Young (1939), Stekol (1941), Ha.nbler & Perlzweig (1945) and 
Williams in his recent inonograph (1947) reflect the clianging 
opinions admirably, this task is scarcely iiecessary. 

Tt seenis clear both from the original usi^ of the word and from the 
criticism directed against it that the tenn detoxication implies an 
advantage to the aniinal. The process of detoxication must appa- 
rently be considered as an adaptation (or possibly as the result of an 
inherent (*apa<‘ity of the living matter to reaet advantageously). 

If the detoxication mechanisms are looked upon as adaptations 
it is obvious that they can only have developed as adaptations to 
normal, or at least naturally possible events. It does not follow 
that the animal body should be able to liandle in the best possible 
way completely foreigri substances or coinpounds given in amounts 
far in excess of what may be jiossible in natural circumstances. To 
expect this would be to assuine the body to have an insight into the 
cons(‘(iuences of the inechanism at work, which is at least improb- 
able. When foreigii substances are really handled in an advantageous 
inanner, this must either be assumed lo be the result of a similarity 
to norinally oc<*urring <*ojnpounds (wliich makes it probable that the 
])rocesses dealing with the normal compound will also be useful for 
dealing with the foreign) or to bc due to chance. 

The circuinstanc-e that the acetyl derivatives of the sulphonamide 
driigs are more toxic than the drugs themselves, at least at high 
dosages (James 1939) caunot be accepted as evidence against the 
possibility that acetylation may be a true detoxication process. 
(Ou the other hand positive evidence for this view seems to be lack- 
ing.) Similarly the untoward effeets of the detoxication by way of 
methylation of enormous amounts of nicotinainide (Handler & 
Dajsn 1942) are no proof that methylation may not nevertheless be 
a detoxication process. The deleterious effeets of large doses of 

29- 4810(1 Kumjl. Lanlbrtikshogskolans AnnaUr* Vol. Ki 
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beuzoic acid (Griffith 1929) and broniobenzene (White & Jackhon 
1935), due to the withdrawal from normal metabolism of glycine and 
cystine respectively, are still less convincing, as in these cases we 
know nothing about what wonld happen if no eonjugation occurred. 
This last consideration is in fact a general difficulty, which makes it 
almost impossible to assess the potential importanee of detoxication 
mechanisms in the normal animal. The arguments for this impor- 
tane.e may have to be based on inference. This is the more so as the 
modern theory of selection indicates that complex mechanisms may 
develop to aehieve relatively small advantages, if only the time al- 
lowed is sufficient. 

It should also be remembered that a considerable body of faets 
tends to show that true detoxication occurs. There is no doubl that 
the normal detoxication products (hippuric acid, glucuronides and 
phenol sulphuric esters for instance) are coinpounds with litlle or no 
toxic effect, whereas the phenols at least are decidedly toxic com- 
pounds. Fiirther there is little doubt that in general the detoxica¬ 
tion products are inore rapidly excroted than are the anconjiigated 
compounds. This point of view was expressed by early German in- 
vestigators by the statement that (ionjugation made tlie subslam^c^s 
»harvfahig»j and has been emphasised since, e. g. by QriCK (1932), 
LuNDQnsT (1945) and Höber (1945). The idea has gaincd in im- 
portance sin(‘.e it was recently found that several of the more jm])()r- 
tant detoxication products are excreted by the tiibules in mammais 
(hippuric acid and similar compounds, Hivimi (d. al. 1945, Friep- 
MAN 1946) and birds (ornithuric acid, Sperber 1917 b, ghicuron- 
ides and sulphuric esters, ^^perber 1948 b). It seems that there 
is at least one tubular excretion mechanism that deals with these 
conii)oimds. It seems reasonable to assurne either that this meclia- 
nism has been developed to exerete the compounds in question, or 
that the mode of conjugating is correlated with the possibility of 
rapidly exereting the». products. 

Though there undoubtedly are true detoxication mecihanisms, 
this is no reason to accept any conjugation produet appearing in 
the urine as a detoxication produet. 8ome prerequisites must be 
fulfilled before a process can with reasonable certainty b(‘ considered 
a detoxication mechanism. The compounds in question should 
oceur in the body under natural circumstances, and aj^pear conju- 
gated in the urine. Thus types of compounds wdiich never apiiear 
in the normal urine should not without special reasons be considered 
as detoxication products. Further there should be reason for be- 
lieving that the detoxication in question has some advantageous 
significance for the animal. 

It should be remembered that the kidney is unable to prevent the 
more or less regular appearance in the urine of a number of normal 
and useful metabolites, even some of such great iinportance as. 
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glucose. Mere appearance in the urine is thus no argument for the 
assumption of a detoxication. 

It may turn out impossible to decide if a given process is a 
detoxication mechanism or not. It is perhaps better to refer doubt- 
ful eases to the neutral group of metabolic conjugation me<*banism8 
(FIkSHMAN 1947), whicli in any ease will also include true detoxica¬ 
tion conjugations. 

Quick (1927, 1937) has emphasised that the study of the fate of 
foreign substances may be expected to yield information on the nor¬ 
mal metabolic processes, as the foreign substanc^es will be handled 
a(‘Cordiug to the same pattern as normal metabolites with similar 
properties, This seems undeniable, but it may be poiiited out that 
the usual approach, to examinc only the urine, will give a bias to- 
w ards finding ’true’ detoxication products, since these are especially 
rajjidly and completely (^xercted. 

Jt is of some interest. to examinc the conjugation j)roie88e8 usually 
referred to as detoxications in the light of the abovc considerations. 

(Jlucaironic acid derivatives and plienol sulphurie esters occur 
normally in tlie urine of mamrnals and probably of other vertebrates 
as well. The amounts of glucuronie acid excreted are not yet ge- 
nerally agreed upon. (^ertainly part of Ihe apparent glu(*uroni<*. acid 
in mammalian urine results from the interference of other substances 
(e. g. allaiitoin), but tliere caii be little doubl that a number of glu- 
curonides oc.cur, among them eertainly some originating from pluv 
nols, riicnol sulphurie esters have long been knowm to occur in 
normal urine (cf, Bavmann 1882). Most phenolic bodies are toxie, 
w hereas the coiijugated compounds are not so or only very slightly. 
In the (diicken at least some glucuronides and sulphurie esters are 
exereted by the renal tubiiles, and there are reasons to believe that 
the fr(»<» phenols arv not. In the maminals the mechanism of exere- 
tion of these compounds is not known, but the conjugated compounds 
are copiously excrcte<l. The extremely rapid conjugation and ex- 
cTctiori of ]>henols (iemonstrat<Mi in this pay)er eertainly show^s that 
free phenols are very efficiently reinoved. 

There can be little doubt tliat the conjugation of phenols wlth 
glucuronie and sulphurie acids should be considered a true detoxica¬ 
tion. Tlu*, similar handling of the estrogens may however not belong 
to this category. Preguaneiliolgliicurouide is j)robably not exereted 
by the tubules in the cliicken, and the generally slow^ exeretion of 
similar compounds in mammais may indic.aie similar cireumstauees, 
This, taken together with the general improbability of spe(*ial me- 
(dianisms for the definitive removal of important normal metabol¬ 
ites, giv^^os little ground for postulat ing detoxication in this case. 

Glycine conjugates (and similar compounds) are exeret^ed by the 
tubules in mammais and birds at least. Ilippuric acid and phenylace- 
turic acid are normal constituents of the urine (as is ornithuric acid 
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in the birds). There seems to be no reason to deny that the forma¬ 
tion of hippnric acid is a dctoxication. This view seems to be sup¬ 
ported by the fact that at least some benzoie acid analogues (e. g. 
phenylpropionic acid, Dakin 1909) are considerably more toxic than 
the corresponding glyeine conjugates. 

It seems rather doubtful whether the acetylation of aromatic 
amines is a t rue dctoxication process. None of the compounds known 
to be excreted as a(?etyl compounds can well be considered to be 
normally occurring substances, and there seems to be no evidence 
for the occ.urrence of acetylated aromatic amines in normal urine. 
Even if such were the case it could hardly in itself be taken to indi- 
cate anything but a slight ^unintentionaP excretion. The tubiilar 
excretion of some acetyl derivatives of sulphonamides (Earle 1944, 
Eeinhold et al. 1945, Beter et al. 1946) may seem suggestive. 
However, the possibility of some coupling with other agents (glu- 
curonic and sulphuric acid) can hardly be excliided, and even tubular 
excretion may be 'accidental’, as shown by the considerable niimber 
of other foreigii substances known to be excreted by the tubules. 

According to the investigations of Stekol (1936, 1937) the urine 
of dogs is normally free from mercai)turic acids, and there seems to 
be no reason to believe that compounds conjugated by cysteine oc- 
cur in normal diets. Oonsequently the case for mercapturic adds as 
detoxication products is very weak. 

The methyl derivative of nicotinamide is a normal constituent 
of urine (Huff & Perlzweig 1943). The amounts are small and it 
seems uncertain whether these and similar observations warrant 
the conclusion that methylation is ever a true detoxication. There is 
no doubt that methylnicotinamide is efficiently excreted by th(‘ 
tubules in the chicken, Sperber 1948 c, and the mammal (Beter 
personal communication), but as we know very little about the spe- 
cifiidty of the mechanisms of tubular excretion, too much weight 
should not be attached to this observation. 


Sunimary. 

The formation of sulphuric esters (and glucuronides) in the chicken 
af ter the intramuscular injection of small doses (> 1 mg) of plienol, 
catechol, resorcinol, quinol and phloroglucinol, has been examined. 

Phenol and the diphenols give rise to an excretion of glucuronides 
and sulphuric esters corresponding to at least 75% of the dose in- 
jected, phloroglucinol to some 20 %. 

Glucuronide formation seems to play a smaller role in the detoxi¬ 
cation of phenol and catechol the smaller the amounts given. With 
these phenols the formation of sulphuric ester is by far the more 
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important oonjugation, when small doses are given. In the case of 
quinol at two dosage levels examined there was no significant in- 
(*Tease in glucuronide excretion. In the case of resor(*inol, forma¬ 
tion of glucuronide seenis to be slightly higher than formation of 
suli)huric ester. 

The concept of detoxication is discussed, and it is concluded that 
at least the proccsses of conjugation with glycine, glucuronic acid 
and sulphuric acid must be looked upon as true detoxication. Other 
conjugations usually referred to as detoxications would be better 
described by the more general term ’metabolic conjugation’ (Fisii- 
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Introduction. 

Ill a prpviouH Htudy it had beeii fountl that the cookability of peas 
deppiidö 011 tlip content of inositol hexaphosphorie aeid (pbytin), 
a Ca-precipitaiit. The peetin of the niiddle lamella, whieh binds 
the oells to^yether, is entirely insoluble in the Ca-saturated eondi- 
tion. In the presenee of suffieient phytin Ca- and Mjs:-phytinates, 
whieli are very insoluble in hot water, are formed and the peetin, 
whieh by exehan^xo be(*omes satiirated witli monovalent eations, 
is readily dissolved eausinj? the eells to fall apart (Mattson 1946). 

IJaving foiind that tlie solvation of the pea eolloids (the eooka- 
bility) depends on the nature of the exehan^eable eations and that 
this, larp:ely, depends on the distribution of mono- and divalent 
eations between a eation-preeipitant and a eation-exehan^er we 
proeeeded to study the effeet of various salts on the eomposition 
of peas. 8ome of the results obtained in this work were eontrary 
to expeetation and presented us with a new problem whieh led 
US to a study of membrane equilibria, of the effeet of salts on meiii- 
brane »permeability» and ion uptake. This paper is a first report 
on that work. 


The Influence of Electrolytes on the Uptake 
of Phosphate lons. 

In 1946 peas (»Kloster») were grown on field 6 on the Ultuna 
farm. Plots of 1 in^ and 1 m apart, were 0ven one equivalent of 
ehloride or nitrate of Na, K, or Ca (table 1). Two plots reeeived 
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a mol of NH 4 H 2 PO 4 and one of tliese received in addition one 
equivalent of CaClg. The salts wcre dissolved in 10 liters of water 
(phosphate and CaCla in 5 liters separately) and were applied June 
7 when the plants were a few cm tall. The control plot received 10 
liters of dist. water. The plants were all harvested on August 1. 

The soil is a post glacial clay: pH 6.96; exchangeable cations: 
Ca = 18.9, Mg = 3.2, K = 0.76, all in m. e./lOO g soil; laotate- 
soluble PgOs (Egnér) = 10.2 mg/100 g soil; loss on ignition 5.07 
per cent. 

A study of the figures in table 1 shows that the different chlo- 
rides and nitrates have little or no influence upon the K, Mg or Ca 
eontent of the peas. This is not surprising for although one equi¬ 
valent of salt per square meter is a large fertilizer application it 
amounts to less than 0.5 m. e./lOO g soil on the basis of a 20 em 
layer. This is too small an amount to cause any appreciable changc^ 
in the cation composition of the soil solution once an equilibrium 
has been established with the 23 m. e. exchangeabh» cations pre¬ 
sent in 100 *g of the soil. 

But while the neutral salts in this experiment have no aj)pr(*ci- 
ablc effecl, on the cation eontent of the peas their effeet on the phos¬ 
phate eontent and on the cookability is so much the more startling. 
From the work of Karlsson and Mattson (1940) we expeeted 
the salts to suppress the solubility of the soil phosphates bnt find 
instead a marked inerease in the phytin as well as in the total P 2 O 5 
eontent of the peas. 

The same salt effeet shows itself even more strikingly in the 
phosphate fertilized i)ea 8 . Here (^aClg was added in the belief 
that it would have a negative effeet and therefore (jounteraet tlie 


Tabh» 1 . The effeets of various salts on the composition and the 
cookability of »Klosten peas Ultuna field 6 * 194(L 
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positive effect of the phosphate. Instead we find that tlie (‘hloride 
has a positive effect which adds itself to the positive effect of the 
phosphate. In the phosx)hate peas the phytin-P 2 C >5 is 672 ni^^/lOO 

or over twice that of the untreated peas, but in the phosphate 
plus Cat-lg-treated peas the jihytin-PgOg is 820 mg/100 g. Compare 
also the eookability which shows a definite improvement in the 
salt-treated i)ea8. 

If we (‘onipare the values giving the total P 2^5 content of the 
peas we find that, with the exeeption of 0 a(NO 3 ) 2 , the salts of the 
divalent cations appear to have a greater effect on the phosphate 
ui)t.ake than the salts of the nionovalent cations. There seems 
to be no difference between chlorides and nitrates. 

A st-udy of the N content reveals a definite increase in all the 
electrolyte-treated peas as coinpared with the untreated peas. It 
appears therefore that the uptake of both the nitrate and the phos- 
X)hat(^ anioiis is favored by the presence of electrolytes. This i)he- 
nomenon has been noted, ainong others, by Lundegårdh (1943, 
1945). 

The increase in the anion uptake is accoinx>anied by an increase 
in the K and Mg content. 


Menibrane Equilibria and Dilfusion. 

Theoretical. 

According to Li ndegärdii (1943, 1945) the salt effect on the 
anion uptake is related to the vsuppression of the electrical potential 
of the root lueinbrane by the salt. The actual mechanisin involved 
has, as far a,s know, never been explained and is, in our opi¬ 
nion, to be found in the Donnan distribution of ions between the 
soil solution and the root luembrane. 

In a Donnan system the ions are unequally distributed between 
the »outside» solution (the solution phase) and the »inside» solu¬ 
tion (the colloidal i)has(‘, here the niembrane). For a uniunivalent 
salt or for a inixture of such salts (or in any system in which all 
the ions have the same valenee) the equilibrium equation for an 
eiectronegative colloid is 


yA + Zyf ) 

or 

( 1 ) 

where x is the total activity ( = 0*1 + a ’2 + - • •) anions and 

cations of the free eleetrolyte in the outside ( 0 ) solution, y the total 
activity (=^1 + »!!+•• •) of the same ions in the mernbrane, and 
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z is the total activity f cations dissociated by 

tbe membrane. 

This equation States that the produet of the aetivities of any pair 
of ions must be the same in the inside and the outside equilibrium 
solution as demanded by the law of mass action. The equation 
also States that 


or 

that 

or 

and that 


or 


(M-), > {M\ 
y z > 
(.4-), < (^-)„ 
y < är, 

{M-). _ (A-),. 

{M-),.'" (^-), 

y +_s ^ jr _ 


The relationship betweeu the variables .r, y mel z is be.st »hown 
by vTritinj; xjy in tenns of y and z. Thus from equalion (1) 

■r == \'y~(y + s) 

and 



This shows 1. that at a given outside activity (d?) the difference 
between x and y will be greater the greater the value of 2 :, and 2. 
that the greater y is, compared with the smaller the difference 
between x and y. At relatively high salt eoncentrations xjy will 
approach unity. But it will require a higher salt concentration to 
produce the same effect the greater the value of z. 

For systems in which the electrolytes are biunivalent (M“ Ao~) 
the Donnan equation beeomes 
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aj® = y* (y + 2) 

and we have 

(M")i ^ {A-)l 
(M")o' {A-)l 

and 

» 

•J" ^ 1 /jy* (.V + s) 

y 1' y 



P'or systems in whieh the eleetrolytes are unibivaleiit (MjA~ ) 
the Doimiiri equation beeomes 



-^y(y + 

and we ged 

{M-)\ iA--),. 


(M-)l '(^1--); 

and 



- 1 / ( Jj- 


y I ?/^ 

In a system eontaininjf all of the common eleetrolytes the 
distribution of the ions will be aeeordin^ to the general equation 


_ [ \a - V[A- )a _^{A-)„^ 
ViA- )■ 

wluTe ( ) as usual signify aetivity. 


These equations tell us that the higher the valenee the greater 
will be the relative aetivity of the eations \(y f z)/x\ and the lower 
the relative aetivity of the anions {y/x) inside the eleetronegative 
luembrane as eompared to the outside aetivity. The equations 
also tell US that this valenee effeet will be greater the greater the 
dilution of the free electrolyte or the greater the actmty of the 
ions belonging to the membrane ( 2 ;), i. e., the greater the charge 
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density (the cation exchan^e capacity) of the membrane (Mattson 
1948). 

The relationship is sliown in table 2 for three differeut types of 
salts and for the ease that z = 0.1. For vahies of 2 : — 0.01, 0,001, 
etc. the values of x and y are obtained by movin^? the de(*imal point 
1, 2, etc. places to the left respectively. The table also shows the 
difference 2 y + z — 2 x which is proportional to the osmotic diffe- 
rence in a Donnan system containing uniunivalent ions. 

Fig. 1 shows liow yjx varies with the activity in the outside solu- 
tiori {x) for each of the three types of salts when z 0.1, 0.01 and 
0 . 001 . 

We uote that the difference between x and y is very great in 
dilute systems and that this difference is suppressed by an in(Tease 
in the a(*tivity of the free electrolyte, the suppression being smaller 
the liighei valence of the anions and greater the higher the valence 
of the cations. The valence effect is however miich greater in dilute 
systems. 

Now the Donnan distribution apxdies only in terms of tlie ac-ti- 
vities of the ions. The most we can exi)ect in terms of concentration 


Table 2. Th(oretieal relationship between the ionie aeiivities ,r, y 
and z i fl a Donnan system for eleeir olytes of the type , 

and M‘ A~. 
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Fig. 1 . Tlie Donnan distribution ratio yjr as n function of .r for threo types of 
salts and at three s-valuos. 


is a qualitative appli(;ation, but even so we are in a position to 
prediet t lie following relationships in the uptake of anions such as 
Il 2 P ()4 , HP 04 ~ and NO 3 " which are present in liinitin^; eoneen- 
trations: 

1. At V(*ry low salt concentrations y should be imieh smaller 
tlian .r, tliat is, Ihere should be niueh fewer phosphate and nitrate 
ions in the membrane than in the outside solution. 

Therefore the uptake of these ions should be lower the lower 
the soluble salt eonteut of the soil. 

2. At a pven salt coneentration the ratio yix should be smaller 
the ^reater the value of 

Ther(‘fore the hif^her the aeidoid eontent and eatioii exchaiifre 
eapaeity of the root membrane the more diffieult should be the 
uptake of jdiosphate and nitrate ions from a dilute solution. 

.'i. Tln» hi^xher the valenee of the anions, other thiiif^s (jc and c) 
beiiiK equaJ, the smaller the ratio yjx, 

Therefore t In* uptake of HP() 4 ‘ “ should be mueh slower than t In* 
uptake of H 2 PO 4 , the more so the more dilute the solution. 

4. Tlie hi^^her the valenee of the eations of the added salt the 
more effecdive the suppression of the J>onnan distribution, i. e., 
the luKher is the yjx ratio. 

Therefore the (»ffeet of the divalent (uitions should be ^reater 
than the effecd, of the monovalen t eations 011 the uptake of phos¬ 
phate and nitrate ions. 

5. The eoneentration and, therefore, the rate of diffusion of 
an anion in the membrane will be lower the hifjher the valeina*. 

TluTefore the hi^jher the valenee of.the anions of an added salt 
the ^reater should be the share of the monovalent H 2 PO 4 and 5 s’() 3 ~ 
ions in the transport of anions and the ^reater their uptake. 
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6. It should require a greater salt concentration to suppress the 
Donnan distribution (the difference between x and y) the greater 
the value of z. 

Therefore, inembranes having a high cation exehange capacity 
should require a greater salt concentration to proinote the phos- 
phate and uitrate uptake as compared with inembranes having a low 
capacity. Marine algae, •vvhich possess a very high cation exehange 
capacity, would perhaps not be able to satisfy their phosphate and 
nitrate requirenients in the very low concentrations of these ions 
w(*re it not for the higli salt concentration in the sea. The lichens, 
whicli have a base content nearly 100 times smaller than that of 
the browu algae and which grow on the poorest soils or on the 
almost naked rocks, have less need of the suppressing effeet of 
salts since their yjx ratio must be relatively narrow even in very 
dilute Solutions. On the other hand the brown algae need a high 
z concentration to maintain a certain osmotic difference against 
the suppressing effeet of the sea water. The lichens are subjecttal 
to no such suppressing effeet and are able to maintain the required 
osmotic difference with a much lower z concenfration (Mattkov 
and Andkrsso.n 1941, 1944). 

Our concept of the mechanism of the effeet of salls upon the 
uptake of anions such as phosphate and nilrafe may be illustrated 
schematically as in fig. 2. 

The i)hosj)hate and nitrate ions are rapidly assimilated by the 
growing plant, the former into nucleic acid, phosphatides and phytin, 
the latter into proteins. During rapid growth therc is only u small 
amount of these ions in the sap. \Ve might distinguish betwe<'n 
thre(' levels {l in fig. 2): 

1. The uptake is slower than the potential assimilation. The level 
of inorgani(‘, phosphate and nitrate ions in the sap sinks to siib- 
nonual, 

2. The uptake keeps step with the assimilation. The nutrient 
level is normal. 

3. The uptake is greater than the assimilation. We have luxury 
(•onsumption with a supernormal level of phosphate and nitrate. 

Now it is conceivable that a nutrient medium may possess such 
a phosphate or nitrate status that plants growing in it will establish 
a subnor?nal, normal or supernormal sap level all depeudiiig upon 
the salt concentration in the nutrient solution. 

In figure 2, where the symbols represent phosphate or nitrate 
concentrations, is assumed f o be (ionstant, y^ and y^ tend to be 
in equilibrium with x^ and l respectively and the uptake is assurned 
to be proportional to the concentration difference between the 
membrane boundries yj—y*. The uptake will inerease with the 
growth of y j, and attain a maximum when y j/xj (and y^jl) approaches 
unity at high salt concentrations. In this schemé the total salt 
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Lot^ saU 

V-»/ •O./ 

/ * suhnorma/ 
/oi!^ 

(fi) 



Medium sa/i 
y//x, * 0.4 

/ • nor/na/ fn) 
l/p/a/re norm a/ 

CB) 



Hi^h so// 
!/*/x, * i6// » 0 9 
/ • superrfoma/ 

Un/a/ce hiqh 

(C) 


Fig. 2 A Holu’!n4' illiistratinK fho uptuko of an union» <*. g. If.>P() 4 “» at three dif- 
forent salt concontratioiiR, <>. K(’l. 

.fj - conr. in the moiI solution: 

//, oonc, in t ho inombrano at Iho hoiI boiniflary; 

oono. in th<* inombrano at the sap boiindary; 

I oono. in t bo sap. 

'Tho ii[)tak4* js asKurncd to Ix" profiortional to the oonoentration differonoo lx*tM*oen 
tho moinbrane bouridrios yi—y%. 


coiicontrution is iissuhumI to hv Ihe samt* in the sap as in the soil 
suhition so as to produce the same effect on hoth sides of the niem- 
hrane. 


Kxperimental. 

Cellophane Memhranes. 

The theories were first tested oii a siiiiple (*ellophane memhrane 
l^y an apparatus showii in fi^. 3. An ouiside solution of 200 ec is 
separated from an insidc solution of 50 ec by the ineinbrane. Both 
Solutions are i)roAided with a stirrer. NaH 2 r 04 eorresponding 
lo 10 nifc F2O5/IOO ce (“- 0.0014 31 PO4) is added to the outside 
solution and the salt, whose effect ia studied, is added in the sarne 
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(joiicentration both inside and ontside tho inembrane. Alter S 
liours of stirring at 20 *^ 0 the inside solution is analysed for PgOg. 

A numbcr of experiments have been made and the resultvS Inive 
always been in agreement with the theory: the addition of salt eauses 
a more rapid diffusion of ^ 2^5 through the membrane. 

The effeet of KOI and CaClg is shown in fig. 4. A comparison 
of the curves in this figure with the M*A~ and M’*A 2 “ curves in fig. 
1 leaves no doubt as to the interpretation of the phenomena. Tlie 
salt effeet is 

KOI < CaOlg 

The deviation of the CaClg curve at high concentration is due 
to a precipitation of Ca-phosphate. The diffusion of P 2 O 5 increased 
from 0.68 mg /100 cc where no ehloride was added to 3.20 mg /100 
cc in the 0.3 N KOI system. 



f^Os my. dif/used 
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Fig. 4. Diffuaion of PjOg through a celloplianc membrane os a function of chlo- 
Tide concentration. Initial outside concentration — 0.0014 M NaHjPOi. pH — 0. 

Time = 8 hoiirs. 


By coinparin^? the experimental curves with the theoretical 
in fifT. 1 we may even obtain an idea of the order of magnitude 
of the z value of the membrane. The point of inflection on the 
KCl eiirve eorresponds to a concentration a little over 0.01 N or 
an activity of, let us say, 0 . 01 . An M*A“ eiirve in fig. 1 whose in¬ 
flection is at X 0.01 wonld correspond to a z value a little over 
O.Ol, 

In anotlier series NaIl 2 F 04 was added in increasing amounts 
from 0.00014 J/ to 0.044 M to the outside solution, no other salt 
being added. Tlie amounts of P-^Oö which diffused through the 
membrane in 8 liours are shown in fig. 5 in terms of per cent of 
the maximum diffusible (= 1/5 of total added). 

We note that the »uptake» through the membrane is not only 
absolutely but also relatively much greater at high eoncentrations. 
At the highest con<*entrat-ion the diffusion amounted to 47.07 per 
cent as compart*d with 4.72 per cent at the lowest concentration of 
pliosphate. The phosphate being the only salt present the salt 
effect is here greater t han in the case of KCl. 

As in the case of KCl the greatest salt effect of the pliosphate is 
around 0.01 M, 

In one experiment with Ka-, K-, Mg- and Ca-phosphate but 
without additional salt the outside solution was given 10 mg P 2 ^ 5 / 
100 cc (™ 0.0014 Ät PO 4 ) at pll 6.0. The amount of P 2 O 5 which 
diffused through the membrane in 8 hours in the Ka-, K-, Mg- and 
Ca-systems was 0.81, 0.84,1.75 and 1.80 mg PgOg/lOO cc respectively. 
This shows both the lyotropic effect and the valenee effect thus 

Ka < K Mg < Ca 

30- 48106 Kunal. Lantbrukshögskolaiis AnnaUr. Vol. 16 
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Fig. 5. Diffusioii of NaHjP 04 throiigh a cellophano membrano as a funrtion of 
the conoentralion in the outside solntion. Time — 8 hours. 


The (iiffusion of phosphoric acid as a function of the pll is luost 
striking (fig. C). The curve shows that the rate of diffusion (the 
»permeability» of the membrane) is 

> H,P 04 - > HP()4”“ 

exactly as the theory demands. Note that the point of inflee-tion 
a little nbove pH 7 corresponds to the pK of H 2 p 04 '' ( = - 7.13 at 
18° 0 ). 

The diffusion inereases very rapidly with the formation of nndis- 
sociated H 3 PO 4 at low pH. The nneharged inoleeules ought to 
diffuse as rapidly in the absence of salt as tlie ioris do iii the pre- 
sence of salt in coneentrations suffieient to suppress the Donnan 
distribution (ef. KCl curve fig. 4). 


The Root Membrane. 

The foregoing experiments leave no doubt that the theory applies 
to the diffusion of ions through cellophane membranes. Öur next 
object was now the living root membrane. 

In oiir preliminary experiments with peas and barley seedlings 
in nutrient Solutions we soon found that the ordinary Solutions, 
e. g. the Hoagland solution, are much too concentrated for studies 
of this kind. The salt effect is already so great that an extra addi- 



Fi^. 6 . Diffuaion of P 2^^5 through a cellophano membrane as a function of the 
pH. Initial outsnle (•onoentration — 0.0014 M HaPO*. pH adjiisted with NaOH, 

Tirao 8 hours. 


tion of salt producos very little effeot. The plants must be raised 
in as dilute Solutions as possible. 

The metliod adopted was to grow the plants for 3 weeks in a 
hi^hly diluted Hoa^dand nutrient solution^, transferring to a large 
voluine of, for analytical purpose, suitably diluted KH 2 PO 4 solu- 
tion with and witliout an extra addition of salt, and after a few 
hours dctennine the uptake. 

The following experiments are liere reeordod: 

Experiment 1. 

Sets of 21 barley seedlings, support ed in perforated corks, were 
grown for 3 weeks in 400 cc beakers in a 1/50 concentration of 
the Hoagland solution but witliout phosphate. The solutiou was 
renewed daily. The plants were tlien transferred to Iwo series of 
jars containing 2 liters solution, both series containing 0.75 mg 
P 2 O 5 per liter^ in the form of KH 2 PO 4 , but whilc one of tbe series 

1 0.0025 M KNfla, 0.0025 M ra(NOa) 3 , 0.001 M MgSO*. 0.0005 M KH 2 PO 4 . 

® Tho order of magnitudo of water-soluble PaO^ in a fertile soil. 
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contained nothing else the other series was made double strength 
Hoagland concentration with respect to KNO 3 , Ca(N 08)2 and 
MgSO^. A current of air was blown through cach solution and 
the plants were illuminated by two 500 W electric lamps. 

Åt 3 to 6 hours intervals samples of the Solutions were taken 
for analysis and af ter 27 hours the roots and tops were dried and 
weighed. 

The results are shown in table 3 and fig. 7. 

We note that the uptake of P 2 O 5 is considerably greater in the 
salt series than in the »no salt» series. Putting the latter equal to 
100 we obtain an average value of 123 for the salt series. This 
difference ought to have been still greater if, instead of letting the 
plants exhaust the solution, we had kept the phosphate coneen- 
tration constant and analysed the plants instead of the solution, 
This would, however, have required a rnuch longer time since the 
seeds are very rich in P. 

Experiment 2, 

Sets of 12 pea seedlings were grown for 3 weeks in 1/50 con(‘eu- 
tration of the Hoagland solution but without phosphate. The 
plants were then transferred to three series of jars eontaining 2 
liters solution, all eontaining 0.35 mg P 2 O 5 per liter in the form 
of KH 2 PO 4 . 

Series 1 contained no extra salt. 

Series 2 was 0,0025 N KCl. 

Series 3 was 0.0025 N CaClg. 

The experiment was otherwise condueted as with barley. 


Table 3 . The uptaJce of ^ weehs old barley planta from 

solutioPff eontaining 0,75 mg per liter in the form of KU^FO^, 

Seriös A: no other salt. 

Sories B : plus 0.005 M KNO 3 , 0.005 M Ca(N 03)2 and 0.002 M Mg 804 . 
The plants were previously grown in 1/50 cono. of Hoagland nutriont solu¬ 
tion without phosphate. 


Troatmont ! ^*205 mg/l left in solution 


1^206 uj)tako mg por g dry roots 
(por g total dry mattrr) 


TripHcatos 


Averago 


Hours 

* 

6 

12 

18 

- l— 

1 

3 

6 

12 

18 

24 

27 

A. 

.720 

.645 

.635 

.565 

1 

..532 1 .496 

; 

I 






P 2 O 5 

.700 

— 

.560 

.480 

.420 1 .384 

1 .40 

.96 

1.73 

2.53 

2.93 

3.48 

no salts 

.720 1 

.685 

.570 

.600 i 

.482 ! .400 

i (.12) i 

j (.27) ! 

(.51) 

1.74^ 

(.86) 1 

(1.021 

B. 

.690 

.630 

.510 

.400 1 

.285 1 .234 

1 

! 

1 

1 

1 

1 


1 


P 2 O 5 

.685 

.635 

1 .555 

.435 

.332 1 .246 

j .51 

1.07 

1.04 

2.94 

1 3.94 

4.69 

plus salts 

1 .710 

.640 

i .555 ! 

! .460 1 

.355 1 .252 

lf.16) 

i (.33) i 

(.60) 

(.91) i 

(1.22 

(1.45): 
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Fig. 7. The effect of Halts on the uptuke of PjOs by 3-week-ol(l barley plants. 

(8ee tablc 3.) 


The uplake of P 2 O 5 per g dry roots is showri in fi^. 8 as a fiine- 
tion of tillie up to 48 hours. At the eud of 24 hours the upt-ake in 
per cent of total PgOg 0.7 mg) in the 2 litres of solution was 36.7 
% in the no salt series, 46.4 % in the KOI series and 57.9 % in the 
PaCl 2 series. This is in agreement with the theory according to 
which ('aClg should have a greater effect than KCT (cf. fig. 1). 

The uptakc by the pea plants is miich slower than that of the 
barley plants. 

Experiment 3. 

Bets of 21 rye seedlings and 12 pea seedlings were growu for 3 
weeks in 1/25 concentration of the Hoagland solution hut without 
phosphate. The solution was renewed daily. The plants were then 
placed in a 0.001 M NH 4 -oxalate solution for 24 hours. After being 
dipped in distilled water the plants were then eaeh transferred to 
a series of five jars, the rye sets being placed in 2 liters solution 
containing 3.00 mg PgOj and the pea sets in 800 cc solution eon- 
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Fig. 8. The uptake of PjOs by 3-week-old pea plants aa a fimction of tirne in 
»aqua», in 0.0025 N KCl and in 0.0025 N (.’aCU sohitions. 


taining 0,730 mg PgOg. Each series eontained CaClg in the following 
concentrations: none, .0001, .0003, .001 and .003 N, Air was passed 
through the Solutions and the plants were illuminated for 24 hours 
af ter which they were dried, the roots weighed and the solution ana¬ 
lysed for P2O5. 

The rye plants absorhed 7.17, 7.18, 7.40, 7.94 and 8.00 mg 
per gram roots and the pea plants absorhed 1.19, 1.19, 1.20, 1.27, 
1.40 mg PaOö per gram roots from the aforementioned Solutions res- 
peotiveiy. Since the rye plants absorhed about six times more 
PgOg than the pea plants the results are best compared by the 
curves in fig. 9 where the absorption from the solution eontaining 
no CaCla is put equal to 100. 

These experiments leave no doubt that the theory applies to 
the living root membrane as it does to the cellophane membrane: 
The uptake of the phosphate ions is a func^tion of the salt concen- 
tration. 

It is interesting to note that the rye plants respond to the salt 
effeot at a lower concentration than the pea plants. This indicates 
a lower z value in the root membrane of the rye plants as compared 
to that of the pea plants. That this actually is the case is made 
very probable by the fact that the acidoid content of the total 
root material is very mueh higher in young pea roots tJian in rye 
roots at the same age (see below). 
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Kig. 0. The tiptakc of P^Oj from solution by 3-week-old rye and poa plants as a 
function of the Caf-lj coneentration. 


Salt Effect on the Soil-Root System. 

AYheii th(‘ rmtriont inediuin is a soil the salt effect on the mein- 
brane is oomplicated by the salt effect on phosphate fixation (Karls¬ 
son and Mattson 1940, Eriksson 1942). Whether the iiet effect 
of the salt will resiilt in an increase or a decrease in phosphate 
uptake will depend npon several faetors such as the composition 
of thd soil, the nature and coneentration of the salt and the pIL 
These are now beinj( studied. 

Eriksson found that larg:e applications of KV\ resulted in a re- 
duced solubility and a smaller uptake of whereas small appli- 
('^ations often led to a jjreater uptake. Tt is interestin" to note that 
Eriksson found tlie KCl to suppress the solubility and uptake of P 2 O 5 
more than did K 2 SO 4 . 

Jud^nj? by the composition of the peas (table 1 ) it seemed obvious 
that in this particular soil the salt effect on the uptake w^as stronger 
than the salt effect on fixation, at least under the conditions of 
the experiment. We therefore decided to use this soil for a study 
of the combined salt effects. 

In order to bring the soil to an approximately zero salt status 
it was washed with 2 liters of w^ater per kg soil. It was then drie<l 
and passed through a 0.6 mm sieve. 
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The soil was first studied in connection with the cellophane mem- 
hrane as in the previous experiments but with the difference that 
the »outside» 200 cc solution was replaced by a suspension of the 
soil. 

In order to obtain a measurable diffusion of P2O5 in 8 hours a 
portion of the soil was phosphated by adding 1 m.mol KH2PO4 
to a suspension of 100 g soil. To hasten the equilibrium, which is 
very slowly attained in the absence of salts, the suspension was 
heated 011 the waterbath under constant stirrin^? for 2 hours and 
then evaporated to dryness. 

Four grams of the phosphated soil were placed in the 200 ec out- 
side solution in a series of diffusion cells. The inside compartment 
contained 50 cc of the same solution but no soil (fig. 3). Iii this 
experiment we used a salt with a divalent anion, K2804, which 
ought to produce a greater membrane effect on the diffusion of the 
nionovalent H2P04“ ions. 

The amount of P2O5 in the outside solution (filtrate from the sus¬ 
pension) and in the inside solution (amount diffused) after a dura- 
tion of 8 hours is shown as a function of the salt coneeutratiou 
in fig. 10. 

At the K2SO4 concentrations 0, .001, .003, .01, .03, .1 N the 
number of mg P2O5/IOO cc were .590, .520, .480, .460, .435, .405 
in the outside solution and .026, .043, .048, .085, .115, .122 in the 
inside solution respectively. 

It will be seen that nearly one third of the P2O5 was fixed by t he 
soil at the highest salt concentration. In spite of this the amount 
of P2O6 which diffused through the membrane increased from 
0.026 mg/100 cc in the absence of K28O4 to 0.122 mg/100 cc in 
0.1 N 1C28O4. Thus the actual salt effect was over 400 i)er (*ent. 

The relative salt effect is obtained by plotting V 20^-imidel}^ 
outside against the concentration. This ratio increases from 0.044 
where no K2SO4 was added to 0.301 in the 0.1 N K28O4 system, 
a nearly sevenfold increase. 

It is interesting to note that the point of infleclion of the curves 
occurs here again at a concentration of about 0.01 JV'. 

Fig. 11 gives the results obtained by growing peas for five weeks 
in beakers containing 400 g of the washed soil to which increasing 
amounts of R28O4 had been added at the rate of 0, 0.25, 2.5 and 
7.5 m. e. per beaker with 10 plants. Duplicate analyses showed 
the PgOfi content of the plants to be 10.63, 10.94, 10.07 and 9.07 
mg per g dry matter (tops only) respectively. The water-soluble 
P2O5 in the soil at the time of harvest was 0.031, 0.029, 0.023 and 
0.020 mg/100 cc extract (4:100) respectively. 

These results are expressed in relative terms in fig. 11, the values 
for the no-salt (aqua) plants being put equal to 100. 

As far as the actual uptake of P2O5 is concerned we find, as did 
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Fig. 10 . Diffusion of r 2 ^& through a collophane membrane from an outside clay 
suspenflion iiito a j)uro solution fw a function of salt (K 28 O 4 ) concentration. 

(’iirve 1 givrs tho watcr-solublo PjO^ in the suspension ond shows the fixation 
of P 2^^6 1 *.V t*lay as a function of the salt. 


ErikHson, a positive salt effeet in low eoncentrations and a negative 
salt effeet in high eoncentrations of the added salt. But the rclative 
nptake (^2^0 plant/Pg^^s soil) shows a positive salt effeet 
in all eoncentrations, 

We note also that the fixation of ^2^5 the soil appears to be 
a linear function of the logarithms of the salt eoncentrations, as 
was also noted by Eriksson. An extension of the curves would 
undoubtedly yield a sigmoid form. 

Since different soils vary greatly in their capaeity to fix P2O5 
we might expect to find great differences in the salt effeet on the 
nptake of PjOs by plants growing in soils, A great deal of syste- 
luatic Work must be done on the effeets of electrolytes on the fixa¬ 
tion and on the nptake of PgOg in different soils before we can under¬ 
stand the phosphate relationships of soil and pLant. No single 


/ns./fitOs ouAs, 
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Fig. IJ. The uptake of PgOj from a soil as a functiori of a^ldecl K^SO^. 
Relativo valiies, showirig (cf. fig. 10); 

1. Water-soluble P 2 C) 5 . 

2. Actuål uptake. 

3. Relative uptake. 


inethod of soil analysis can yield reliable information concernin^f 
the availability of P2O5. Availability is a variable which is governed 
by a set of conditions among which the concentration is only one 
of the factors. Only by plant analysis can we obtain information 
as to the net effect of these conditions. 
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M.e. /<OH/ /OO gr. c/ry ma //•er 


Fig. 12. Titratiun curvos of eleotrodialyzed, 8-duy-old rye and pea roots. 


The lloot Acidoids. 

Whole roots from 8-day-ol(l seodliii^s of ryo and yidiow poas 
wore j)laced <iire(*tly in t ho oloctrodialysis roll and dialysod until 
all tho hasos woro roiuovod. Thoy woro thon driod, powdero<i and 
titratod witli KOH in N KCl solution. The titration ourvos aro 
shown in fi^*. 12. 

The rosults show that. tho oapaoity of tho oloctrodialysod rosiduo 
to bind baso at pH 7, i. o. the aoidoid contoiit, is 29.5 iii.e./lOO g: 
in the ryo roots and 71 m.o./lOO g in the pea roots, and that the pHu 
(ultimate pll of tho base-unsaturatod material) is 3.90 and 3.38 
respectivoly. The exchange capacity is tlius over twiee as ^rreat 
in the roots of the Le^uminosse as in the case of the Graminetv.^ 
The apparent stren^2;tli (pHu) of the acidoids is also considerably 
^iToater in the pea roots. 

In the study of ripe peas it was found that the aotive acidoids, 
which are responsible for the behavior of the peas towards eations, 
are identical with the pectin of the cell covering or middle lamella 
wdiich binds the cells together, and much evidence has recently 

^ The acidoid content of 3-woek-old barley roots was found to be 25.3 m.cJ 
100 g (unpublished data from 1940). 
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been accumulated which points to an acidoid nature of such extra- 
neons cell coatings — hyaline, slimy, gelatinous etc. — of both ani- 
mal and plant cells and tissues (Chambebs 1940, Mazia 1940). 
As in pectin, polyuronides seem to be an important constituent 
of such coatings and account for tlie acidoid behavior. 

If we dip the roots of young rye or pea plants in a Jf/l 000 metliy- 
lene blue solution for about 30 seconds we shall find, what is well 
known, that the whole root is stained blue but that the tip of the 
root is stained much deeper in color up to about one mrn from the 
end of the rye root and up to a few mm from the end of the pea 
root. 

If thin slices of the roots are cut and stained under the micro- 
scope we find that the epidermal layer of cells and especially thoir 
outer covering are stained much deeper bhie than the interiör of 
the root. 

If we place the stained roots in a neutral salt solution, e. g. 
the dye will rapidly pass in solution, leaving the roots eompletely 
decolorized if the solution is changed once or twice. This is an 
exchange reaction between the Ca ions and the methylene hlu(* 
cations as has been shown by Matthon (1926) by the use of soil 
colloids, and more recently, (1942), by the use of an ordinary bath 
sponge. 

It is evident, therefore, that the most active acidoids of the 
root are localized in the surface layer and most of all in the growing 
tip. 

That the root surface and especially the growing tip possess a 
very high content of active acidoids was shown by the following 
experiments: 

1. vSix-day-old pea roots were cut about 20 mm from the end 
and placed in a 0.001 M methylene blue solution for 10, 30 and 60 
seconds. The roots were then washed, treated with a C-aCdg solu¬ 
tion and the displaced dye was estimated colorimetrically. The 
treatment yielded approximately 40, 80 and 90 m.niol methylene 
blue per 100 g dry matter respectively. 

2. Six day-old pea roots were cut 5 mm from the end and placed 
in the methylene blue solution for 30 seconds. This experiment 
yielded 125 m.mol of adsorbed dye per 100 g dry matter of the 
root ends and an estimated 76 m.mol adsorbed dye per 100 g dry 
matter of the remaining part of the roots up to about 2 cm from the 
end. 

In view of the fact that this exchange reaction was barely more 
than a surface reaction the conclusion is justified that the root 
is provided with an acidoid membrane of very high capaeity. 

An indication as to the nature of these acidoids is found in the 
following simple test: 

If whole roots and thin cut slices are each treated with a solu- 
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tiou of iodiiie in zinc chloride the rory same struetures which in 
nietliylene blue are inost deeply stained beconie now yellowish 
brown, indicatin^r pectin, The rest of the tissue is only slightly stained. 
The bhie or purple eolor, which imlicates cellulose or starch, is 
niost stron^ly developed in tlie roof eap biit otherwise the brown 
<*olor seems to dominate the i>ictiire. 

That pectin is a constituent of tlie root has lonj? been kiiown 
(Trite 1922), hut its function as a cation accuniulator and exehanger 
iloes not 8('ein to have been aj)i)reciated. Pecdin is a relatively strong 
a(‘id()id. Its capacity to bind base and exehan^je cations varies with 
the number of frc‘e carboxyl groiips. Pectic acid prepared by sapo- 
uifi<*ation of pectin yields the titration curve reproduced in fig. 13. 
Its c.apacity is as great RkS that of the most active humus acidoids 
with an equivalent. weight of about 200. For unsaturated pectic 
a(*id Bokjser (1935) calculates a pK of 2.77. At higher degrees 
of saturation this valu<‘ decreases due, probably, to the increased 
dissodation as in the case of ordinary acids, e. g. H3PO4. 

We note in fig. 13 that the pectin is almost fully satiirated at 
pH 5 and that within the range of pliysiological and soil x)H its 
^)ase binding capacity remains nearly constant. This explains, per- 
ftaps, why plants, within rather wide limits, are so little affected 
hy the cation concentration and still less by the pH. As long as 
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the outside medium is not so dilute that the exchange between root 
and medium lags too far behind the uptake, the protoplasmic meni- 
brane will possess a practically constant supply to feed upon. 

The great ability of plants to absorb nutrient ions from the soil, 
generally credited to the excretion of carbonic acid, is more easily 
accounted for by the continuous formation of a strong acidoid in 
the surface of the root. Consider the growing root penetrating 
the soil, always establishing new contacts and always forming 
new acidoids, originally unsaturated, and of a strength and concen- 
tration niuch greater than that of carbonic acid. The result must 
be a great solvent action and a rapid exchange due to the intimate 
contact with the soil particles which is established by virtue of 
the root pressure. 

According to fig. 9 the rye plants respond to a lower salt concen- 
tration than the pea plants with respect to the phosphate uptake. 
This points to a higher Ä-value in the pea roots (cf. fig. 1) and is 
in agreement with the higher acidoid content of the latter. 

This difference between the two species of plants offers a physico- 
chemical basis for the well known but unexplained faet that peas, 
and legurnes in general, absorb rclatively more divalent than inono- 
valent cations as compared to the grasses. 

According to the valence effeet in the Donnan equilibrium the 
divalent cations must displaee the monovalent cations the better 
the greater the relative aetivity of the ions in the eolloidal phas(*. 
Therefore the divalent ions must be adsorbed in rclatively great(*r 
amounts the more dilute the outside solution, or, at a given out¬ 
side aetivity, the higher the 21-value of the colloid. 

Tnis has been found to hold for soil colloids (Mattson and Lars¬ 
son 1945) and there seems to be no reason why the pectin-eellulose 
mem brane should not behave in the same way. 

The foUowing experiment, the details of which will be published 
later, will be here cited. 

Peas and barley were grown in Mitscherlich pots in clean, washed 
sand. 25 m.e. KOH4- Ca(01l)2 in differént proportions were added 
in the form of K-kaolin, Oa-kaolin, K-bentonite and C'a-bentonite, 
all at about pH 6. 25 m.mols HlSrO^, 5 m.mols H3PO4 and 2.5 
m.mols H2SO4 vere added in combination with the anion exchanger 
arnberlite (I E 4 B) at pH 6. 2.5 m.mols MgCOa ^ 0.5 % 

ferric tartrate were also added. The plants were harvested after 
6 weeks and analysed. The Ca content and the K/Oa ratio are 
shown in fig. 14, 

The significant thing here is not only that the relative uptake 
of Oa is greater in peas than in barley, which is well known, but also 
that the uptake depends on the nature (-2:-value?) of the soil exchange 
complex with which the root acidoids have to eompete. Kote that 



K/Ca in p/an /^e Ca//00y drt/ ma//er(/opsJ 


Phosphate Relationnhips o£ Soil and Plant 


481 



Percen/ sa/ura/ion o/ co//oic/ 


14. A. Th(» iiptake of Oa by barlcy and ptm pla-nts from kaolin and bentonito 
(in »and) saturated by K and Oa in different proportions. 

B. Tho K/C'a in the plant». 
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the K/Oa ratio is about the same in the peas grown in bentonite 
as in barley grown in kaolin. 

The uptake of the divalent Mg ions showed the same trend as 
Ca but the differences were smaller. 

Elgabaly and Wiklander (1949) have obtained similar results 
in studying the exchange of ions between suspensions of kaolin and 
bentonite and plant roots. 


Salt EflFect on the Cation llptake. 

Although our present investigation deals with the salt effect 
on anion uptake it might be pointed out that what has been said 
about anions and negative membranes shoulcj apply to cation s 
and positive membranes. 

For negative membranes, the salt effect on the cation diffusion 
should be the opposite of that on the anions because the relative 
activity of a cation inside the membrane as compared to its acti- 
vity in the outside solution is greatest in the absence of salt whereas 
for an anion it is the opposite, as we have seen. 

In the absence of free electrolyte — except for the products of 
membrane hydrolysis and the unavoidable impurities of tlie water — 
X is verv low while Z‘\- y remains high. It will therefore be the 
outside activity, which limits the uptake of the cations. The mem¬ 
brane is no banier for the cations except in so far as their actual 
mobility is reduced. On the contrary, the acidoid membrane is an 
accumulator of cations which are adsorbed from the most dilute 
Solutions and, by exchange for II ions or paired with anions, are 
passed on to the protoplasm. 

If the root membrane contains the cation M' and if a salt of th(‘ 
cation M'' is added, M" will displace some of M'. The uptake of 
M' will thus be reduced. If too much of M' is displaced we will 
have ion antagonism. From this it follows that tlie salt effec^t on 
the uptake of cations will be negative as far as the Donnan distri¬ 
bution is concerned. The lower the total salt concentration the 
more rapid must be the uptake of a cation at a given concen¬ 
tration. 

It seems to us that the contact exchange effect of Jenny and 
OVEESTREET (1939) can be accounted for without the construction 
of a special mechanism, for if there is (practically) no free electro¬ 
lyte the outside solution will act like an impermeable membrane. 
If, under these conditions, the solution is reduced to film-thickness 
between soil and root the effect on the exchange must be very great. 
Sin(5e electronegative colloids possess a lower activity of diffusible 
anions than the outside equilibrium solution there can be no posi¬ 
tive contact exchange effect on the anion uptake and none has 
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been reported. As a matter of fact, the effect is tbere but it is nega¬ 
tive, and the results of onr experiments can be looked upon as a 
negative contact effect. The naked protoplasmic membrane which, 
because of its amphoteric natnre, has a relatively low acidoid con- 
tent, would undoubtedly absorb the anions better than when, as 
it is, sniTounded by a »pectin-cellulose» membrane of high acidoid 
content. 

It is sometimes stated that cations are attracted by the root 
membrane because of the negative potential. This is to confuse 
cause and effect and leads to misunderstanding. There is a Donnan 
P. D. because of the unequal distribution of the ions, not the con- 
verse. Both ions of a salt, cations as well as anions, are negatively 
adsorbed by the colloid, that is, they are not allowed in the micellar 
solution in the same concentration as in the outside solution. 
A negative colloid completely saturated with K ions will not adsorb 
K ions from a KCl solution nor will it »attract» any other cation 
but it will adsorb other cations by exchange. 

The theories here applied havc been extended and subjected to 
a rnore cornplete inathematical formulation by one of the authors 
(Eriksson .1949). 

This Work has been aided by a grant from the Agricultural Ke- 
search Council. 


Summary. 

Neutral salts wcre found to increase the uptake of the phosphate 
ion by ])lants. 

The effect is explain<‘d on the basis of the Donnan distribution 
of the ions and experiiiieiits with (*.ellophane membranes and with 
barley, rye and pea plaiits have given results which are in agree- 
inent with the theory, even with respeet to the valence effect. 

The presence of salts allows a greater concentration of phosphate 
(and nitrate) ions in the electronegative pectin-cellulose root nnmi- 
brane which possess(»s strong acidoid properties and a high cation 
exchange capacity. The protoplasmic membrane feeds directly 
upon this outer pectin-cellulose membrane upon whose eomposi- 
tion the uptake thus depends much more than upon the corapo- 
sition of the outside medium. 


31 — 48106 Lanthrukshögskolam Annaler, Vol. 16. 
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1. Introduclory viewpoints. 

«.y »seasonal A^ariation» is understood a reg^nlar variation wliieh 
is eonneeted witli the time of year, and wliieh eonipletes a full 
eyele in the eoiirse of one year. 

One of the ehara(*teristie features of a^jrienlture is the seasonal 
variation to whitdi its lahour reqiiireinent is suhjetd. The oecurrenee 
of a seasonal variation is a direet result of the elose teehnical and 
biolo^^ieal relationship wliieh exists between ag:rieultural produetion 
and natiire. The yiroeess of ])rodueiion is unevenly distributed over 
the different seasons of the year, and this means that the amount 
of labour required to earry on this produetion also fluctuates. It 
is not only the amount of manual laboui* required wdiieh is subject to 
seasonal variation — the amount of traetive powor requircni also 
fluetuates eonsiderably. This investig:ation deals only with manual 
labour, 

The s(»asonal Auriation of labour consumption is determined by 
seA^eral partly interaetin^ faetors, which are further so eomplexly 
interw^eaA^ed that it Avill be diffieult to separate theni. The lenjrth 
of growin^i: period and of cultiA^ation iieriod, also the personal qiiali- 
ties of the manager can be look ed upon as primary faetors in this 
eonneetion. Even sueh faetors as the line of produetion, the size of 
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the business unit (farm), and the degree of mechanization can be 
presmned to have some connection with the seasonal variation of 
labour consumption. 

While on the question of seasonally variable working time, there 
is good reason to lay down the distinction between lahour consump- 
tion and labour requirement. Both these quantities can be measured 
in nnits of time, but the real labour requirement can either exceed 
or be exceeded by the amoiint of labour spent, i. e., the actual labour 
consumption. During labour peaks the labour requirement often 
exceeds the number of time-units of labour available, and during 
labour depressions the workers must often be employed on non- 
essential tasks, which cannot be considered to create a true deniaiid 
for labour. 

The seasonal variation of labour consumption has interested sev- 
eral investigators. Resulta have sometimes been given for differont 
types of crops and livestock, while sometimes only the different 
branohes of production have been specified. A typical feature 
throughout agricultural production is that the labour consumption 
foT crop production shows a great and typical variation, wuth peaks 
at different times during the groving period. A certain variation also 
eharact-erizes livestock production, in that the labour consumption 
during periods of stall-fecding often exceeds that during periods wlien 
the animals can be put out to graze. The latter variation is thus op- 
positc to that in crop production, but is by no means so striking. 
As it is not of great interest to include detailed results from differ¬ 
ent investigations here, it will suffice to simply touch upon certain 
viewpoints which various authors have put forward concerning the 
canses of seasonal variation. 

Even among investigators in the Scandinavian countries, the varia¬ 
tion of labour consumption has been the object of great interest. 
In jSweden, Nanneson (1923) has given data for different crops, based 
on results obtained from 120 farms. Ile also gives exaiiiples of some 
crop rotations with a regular and of some with an irregular distribu¬ 
tion of labour consumption. A crop rotation which gives a fairly 
even distribution of labour under central Swedish (jonditions is: one 
field for fallow, one for auturan-sown grain, t wo for springsown grain, 
and three for ley. The same is true of a rotation in which roots are 
substituted for half a ley sliift in the above. The labour distribution 
is very irregular in rotations of the Norfolk type. It should be noted 
that the distribution of labour consumption was calculated on the 
basis of results obtained for different crops. 

Somewhat later. Ringborg (1942) carried out a similar investiga- 
tion with the intention of creating morc up-to-date labour standards 
on ten farms in middle Sweden, On the average, the labour consump¬ 
tion curve shows large fluctuations. As a typical example of farms 
with great variation Ringborg gives data from a farm in the plains. 
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wMle farms with a more regular labour consumption are exemplified 
by a farm in a forest district. The author mentions that the ideal 
distribution of labour is attained when the labour requirement during 
each month is of the same magnitude as the working capacity of 
the average labour force. As an expression of the closeness to which 
this ideal condition is approached, he has calculated certain distribu¬ 
tion figures. In these he has expressed the labour foree for each sep- 
arate month as a percentage of the average labour force. The sum 
of the deviations of these percentages from 100 is the distribution 
figure for the farm: all deviations are taken as positive. If the ideal 
labour distribution were attained, the sum of deviations would be 
zero. 

In Norway, Borgedal (1925, 1926) has paid particular attention 
to the labour question. His remarks concerning the relation between 
the distribution of the available acreage among different types of 
application on the one hand and the variation of the labour consump¬ 
tion on the other are of special interest. Borgedal (1925, p. 292) 
points out that a relatively large area of forest has an intensifying 
effect on agriciiltural production, as it makes it possible to maintain 
a larger permanent labour force and more draiight animals all the 
year round, which in turn allows of the cultivation of crops which 
require more labour. He also stresses the significant part which ley 
farming plays in stabilizing the labour consumption. 

In a study published by the Swiss fatmers organization (Landw. 
Jahrbuch. d. Schweiz 1933, p. 1216), it is pointed out that the acreage 
distribution among different <Top8 does not have any decisive influ- 
ence on the seasonal variation of labour consumption. Labour 
technique and organization are of much greater significance for indi- 
vidual fanns. Studer (1946) also stresses the significance of im- 
I)roved labour technique in stabilizing the seasonal variation. In 
Germany, Söder (1936, p. 135) points out that the occurrence of a 
seasonal variation is dependent on several different natural and eco- 
nomic causes, but that the decisive factor is and vill continue to 
be the ability of the manager. It follows from this that the organiza¬ 
tion of labour is mainly a question of education. Even Preusoiien 
(1935, p. 15) emphasizes that it is the manager who, with reference 
to the natural conditions, shapes the labour system and the structure 
of production. 

Among investigators, who have worked with comprehensive sta- 
tistical material, mention may be made of Klare (1932). Among 
the factors whi(ii he considers to be important in determining the sea¬ 
sonal variation are the climate, the structure of production, and the 
size of the manual labour forc^e. Farms which specialize in the culti¬ 
vation of grain crops and which have little chan(*e of employing their 
workers in the forests during the winter exhibit a particularly un- 
favourable seasonal variation. The most favourable distribution is 
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exhibited by farms which have a large acreage of pasture and which 
ensile large quantities of fodder. On farms which have access to a 
relatively ample supply of labour, the chances of satisfying all re- 
quirements are better than on farms 'with only a few workers. Even 
Webee (1930) stresses the significance which acreage distribution has 
for the seasonal variation. A system of crop production in which 40 % 
of the acreage is devoted to root crops and potatoes st^abilizes the 
labour consumption, as does a system including pasture and the en- 
silage of fodder crops. Fischeb (1928) maintains that an intensi- 
fication of production has a culminating effect on the seasonal varia¬ 
tion, 80 that special attention should be paid to the problem of sea¬ 
sonal variation wheii agricultural production is of an intensive natiire. 
Vahlbruch (1929) had the same thoughts in mind, and he points 
out how difficult it is economically for an agriciultural enterprise to 
keep at its disposal sufficient reserves of labour to deal with peak 
demands, while industrial enterprisos can master peak loads iiiore 
easily by transferring labour from other branclies of production. 

ZÖRTSER (1927) has made hypothetieal calculations — based on 
certain given assumptions — of the seasonal variation with differ- 
ent crop rotations. However, one cannot help being sceptical c.on- 
cerning the validity and value of such (‘.alculations, as in practice 
many unforseen happenings can distort the ]:)ictim‘. so present-ed. 

Stebii^g (1926) gives as liis opinion that cro]) rotation is firstly 
a problem of farm management, and that the techuical aspec-ts of 
cultivation are of secondary importance: this view is iindoubtedly 
justified. BRmKMANN (1913 & 1922) in Gcrmany and Cajander 
(1928) in Finland have given their attention to the same question 
and have developed it furtlier. The former stat(\s that, in dccading 
whether to give preferencie to technical considerations of plant nu¬ 
trition or to economical considerations of labour, each case should 
be judged on its own merits. Generally speaking ono can say — 
with very great reservation, however — that if conditions are fa- 
vourable for cultivation and production is intensive, preference 
should be given to the former considerations, and in other cases to 
the latter. It may also be mentioned in this c-onnection that, ac- 
cording to Abreboe (1920), the practice of fallowing originally arose 
with the object of stabilizing the seasonal variation of labour con- 
sumption: this view is also shared by Cajander. 

The question of the relation between the size of farm and the sea¬ 
sonal variation of labour consumption has also been the object of 
several investigators^ interest. Vahlbruch States that it is easier 
on a family farm than on a large farm to suit the labour consump¬ 
tion to the actual requirements, as there is a relatively more ample 
supply of labour. Weber maintains similarly that the seasonal 
variation is more pronounced on farms with a relatively large labour 
force than on farms which have relatively few workers. Klare, 
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011 the other hand, expresses the opinion that the seasonal variation 
follows a more favoiirable course on faniily farms than on large farms, 
because animal production on the former accounts for a considerably 
larger proportion of the total labour consmnption. In Finland, a 
eomx)rehensive investigation into the economics of labour has been 
earried out by Sipilä (1946). liesults obtained from 60 farms give 
an indication ihat an increasc in size of farm has an stabilizing ef teet 
on the labour consumption: Sipulä considers this to be a eonsequence 
of better organization of labour and more advaneed mechanization. 
It may nevertheless be mentioned here, ihat the author to this paper 
has clearly shown in a reeent work (Westermarck, 1949 b), that an 
increase in mechanization has a tendency to increase the seasonal 
variation of labour consumption. According to a statement by Bro 
Pedersen (1941,1). 21), it appears that in Denmark, the labour con- 
sumxition in (Top production flucduates more on family farms than 
011 the large farms. T t may also be stated that, in the case of certain 
Finnish farms ivhich have been investigated, the seasonal variation 
was shar])er on small farms than on large (Investigations on the 
Profitablem^ss of Agriculture in Finland). 

T t apyiears nevertheless as though this question has not yet been 
thorouglily penetrated, as iusufficient attention has been paid to 
the fa(*t that/ differenees in the seasonal variation have certainly 
been infliKmced by tho structure of production, the geographical 
situation, and the personal qualities of the manager. Tt is of course 
possible that the size of farm alone may have an influence on the 
seasonal variation but, as has already been said, it has apparently 
not been possible to definitely establish this fact.. 

A seasonal variation in the requiremeiit for labour gives rise to 
many drawbaeks. Thus tln» farm organization must. in many respects 
be adax)ted to the maximum requirement. This brings about an 
exeess of production faetors during labour deyiressions and increases 
production costs: this api)lies to, among other things, the machinery 
and building equi})ment. and also the 80ur(*.es of tractivc power. The 
seasonal variation makes yjarticular demands on the supply of man¬ 
ual labour, and the more difficult ii becomes to obtain casual la¬ 
bour during labour p<‘ak8, the more one becomes obliged to adapt 
the size of t he permanent labour force to the yieak requirement. It 
is nsually difficult to find effeclive emx)loyment during seasonal 
labour depressions for a permanent labour force whicli has been 
adax>ted to the peak requirement: the influence of the seasonal vari¬ 
ation is therefore felt in rising labour costs. This, however, is not the 
only cause of rising costs, as the cost per hour for casual labour is 
most frequently higher than that for permanent labour. In certain 
circumstances, where there is an ample supply of casual labour, an 
attempt to stabilize the labour consumption may naturally be un- 
justified: in such cases, a line of production with substantial seasonal 
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{luctuations in the labour consumption may pay better than one with 
a more regular labour requirement. On the whole, however, bne can 
say that there is a permanent shortage of labour — and of oasual 
labour in particular — in agriculture, which makes it desirable to 
aim at some stabilization of the labour requirement. In this connec- 
tion, the opinion of the Finnish investigator Mikkola (1946) — 
that the labour peaks determine the optimum acreage of each crop 
which may be cultivated — is worthy of mention. 

An stabilization of the labour requirement should usually stand 
but as worth striving for, so production should be modelled and di- 
rected so that the labour requirement at different times of the year 
remains within the capacity of the permanent workers. This does 
not, however, mean that the goal should necessarily be the achiev- 
ment of a really constant labour requirement. One should at the 
same time take into account the variations — dependent on the 
time of year — in man’s inherent capacity and inclination for 
Work; this quality will in future be termed »work potential». In the 
Northern countries, it can reasonably be expected that the work 
potential duriiig the lightest part of the year ought to pressuppose 
a somewhat longer working day than during the darkest part of 
the year. 

In a lot of countries labour legislation has manifestly stabilized 
the length of working day, but the legally fixed working day is still 
characterized by a certain variation. Even if the agreed length of 
working day should become completely independent of the time of 
year, this will only affect the hired labour. From tho point of view 
of the farmer^s — i. e., from a subjective point of view — the varia¬ 
tions in Work potential should also be observed, so a really constant 
labour consumption per unit of time is not the ideal; as farmers^ 
families constitute the main source of labour in agriculture, this 
point must be specially emphasized. 

Mention was made above of the fact that the casual labour which 
must be employed during labour peaks often costs more per hour than 
the permanent labour. This condition really agrees with the sea- 
sonal fiuctuation in the value of labour; one hour of work during spring 
cultivation or harvest must naturally be considered to have a greater 
value than, for exarnple, a similar hour during autumn ploughing. 
This is intimately bound up, partly with the necessity of completing 
a particular operation within a limited time, and partly with the 
significance of the work in the actual production process. It is of 
course most often the case that an operation which is of a strongly 
seasonal nature — e. g. the sowing of the crox) — is also of decisive 
importance for the continuity of production. 

From the theoretical point of view, the value of an hour’s work 
should be determined according to the i)rinciple of marginal utility. 
Thus the value of, for exarnple, one hour’s harrowing should cörre- 
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gpond to the reduction in net return which would result if the last 
working hour had been omitted, etc. 

Even if such a valuation must be considered correct in principle, 
it is novertheless not merely difficult but downright impossible to 
apply the principle in practice. One could of course conceive a certain 
stereotyped gradation, but as even this would be very arbitrary, it 
has been omitted in this investigation. 

In summarizing, it can be said that an stabilization of the labour 
requirement is desirable, both from the social point of view and from 
the point of view of the economics of an enterprise. Å stabilized 
seasonal variation, corresponding to the seasonal rhythm of work 
potential, is desirable even for subjective reasons. 

As an introduction, an explanation was given of the difference 
between labour requirement and labour consumption. It would 
be extremely difficult to give the seasonal variation of the labour 
requirement on the basis of empiricabfigures: it is, on the other 
hand, considerably easier to register particulars of the seasonal vari¬ 
ation of labour consumption. In this investigation, the latter 
niethod will be used: »seasonal variation» thus ref ers henceforth to 
the labour consumption. 

2. Layout of the investigation and the experimental 

material. 

The purpose of this investigation is to find out how and to what 
extent the seasonal variation of labour consumption is influenced by 
certain natural, geographical, and economical factors: most important 
among these are the length of growing and cultivation periods, the 
structure of production, and the size of tlie farm, together witli the 
personal qiialities of the manager and the measures he takes in organ- 
izing labour. 

The exporiinental material consists of 14 farms in North Sweden 
(Norrland), 15 farms in the plains and forest distriets of middle Swe¬ 
den, and 10 farms in the plains distriets of South Sweden (Skåne). 
All the farms are »family farms», on which the majority of the work 
is done by the farmer and his family. The area of cultivated land 
varies from 5 to 21 hectares (Area of arable land, plus area of me- 
adow and pasture reduced on tho basis of its value relative to arable 
land.) The results obtained from tho investigation can thus be con¬ 
sidered as charaeterizing th(‘ conditions prevailing on Swedish family 
farms, but do not give any idea of corresponding conditions on larger 
farms. The author has purposely made this limitation so as to be 
better able to isolate the factors influencing the seasonal variation, 
since there is a risk of a limited number of farms of very heteroge- 
neous composition not giving sufficient information for an analysis 
of factors. 
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The farms in this investigation have been divided into throe groups 
on the basis of their natural geographical situation — attention being 
paid not only to latitude but also to height above sea level, as both 
these factors influence the length of the vegetation period. 

The idea of vegetation period cari be interpreted in different 
ways. Aecording to Ångström (1942), the period during whi<*h the 
mean tenij)erature reinains above 4- 3° (J largely eoincides with 
that period which begins with tlie start of spring cultivations and 
ends with the e-oinpletion of autumn ploughing. lie calls this period 
the v^egetation period: in North Sweden it lasts 150—190 days, in 
middle Sweden about 200 days, and in the southernmost part of 
Sweden (Skåne) about 250 days. 

The autlior wishes to point out, however, that it is more consistent 
to use the term cultivation period instead of Ångström’s expression 
vegetation period, as the term applies to a period which covers field 
Work. It should be observed that the two conceptions, vegetation 
period and cultivation period, can not be looked upon as identi(*al. 
The vegetation period should be defined as that period of tiie year 
during which the temperature allows of the growth and developinent 
of cultivated crops, while the cultivation period erabrac^es the whole 
time from the actual comniencement of spring cultivations to tlie 
completion of autumn ploughing. The term cultivation period lias 
therefore been used in this investigation. 

Information concerning the length of cultivation period on all 
farms iucluded in this investigation is given in Appendix Table 1. 
It is apparent from this that, in 1947—48, the cultivation period on 
farms in North Sweden varied betw^en 138 and 160 days, and on 
farms in middle Sweden between 176 and 217 days, whih» the varia¬ 
tion on South Swedish farms was between 230 and 264 days. As 
these data refer to only one year, their value lies naturally only in 
the ori<‘ntation they give. One can say that the average length of 
cultivation period is 153 days for farms in North Sweden, 200 days 
for farms in middle Sweden, and 247 days for farms in South Sweden. 
These values agree w^ell with Angström’8 data mentioned above. 

Kecords are available of the daily labour consumption on all 
farms for the year 1947—1948. The budget year varies somewhat, 
however: on the farms in North Sweden it is from May 1st to April 
30th, on those in middle Sweden from November 1st to Ocdober 
30th, and on those in South Sweden from March 1 st 1948 to February 
28th 1949. It is hardly likely that these de^dations wdll make a com- 
parison difficult, as not only do the weather conditions in different 
parts of the country differ from one another, the local w^eather con¬ 
ditions also vary considerably. 

In this investigation, the labour has been divided into the following 
large ^oups: 1) crop production work, 2) animal production work 
(== animal husbandry), 3) other agricultural work, 4) forestry work, 
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Table 1. Data concerning 8 cape and direetion on the farm groups 

in average. 



North 

Middle 

South 


Swedon 

Swodon 

Swodcri 

Numhor of farms . 

14 

15 

10 

Culti V'. acreago ha. .. 

12.4 

12.7 

13.9 

Division of rultiv. aoreago in %;^) 




Grain. ... 

19.0 

38.6 

42.5 

(^lover & grassley & greonfoddor. 

56.1 

:io.7 

18.9 

Posturo. 

18.4 

21.5 

14.2 

Hoots & potatoew . 

3.0 

, 7.5 

20.8 

Fal lo w . 

j 0.2 

1.4 

1.2 

Other aoroage^ . 

2.4 

; 0.3 

2.4 

Nunihor t)f aniiiials per 10 ha: 

1 



Workiiig horses . 

! 1.1 

1.6 

1 1.6 

('ows . 

; 6.9 

5.2 

( 4.4 

Other anirnals in oattle units .. 

1 2.7 

1 4.9 

: 4.4 


Anthinctic mcans of the (HviHion in percentage on each farm. 


5) liouHoliold Work, and 0) iniftcellanoous work. Xbo first three fi^roups 
to^othor (U)ustitute ajrrifMiltural work, wdiile all j^roups tofrctlior make 
np the total labour eonKum])tiou. For further iiiforiuation concerning 
labour Htat.eiiientH and the grouping of labour, reference shonld be 
made. to a luethod study whieli has already been published by tlie 
aut hor (Westeumakck, 1949 a). 

Tlie varianee, is used as a measure of the variation. It is cal- 
eulated aeeordiiig lo a luethod proposed by the aiitlior and based on 
S^eoecor’s and Bo>^ier-Tedin’s presentation of Fisher’s methods 
of statistieal analysis. As the author lias pointed oiit in the above- 
inentioned study, Ihis method seeins to give a suitable absolute mea¬ 
sure of the variation. 

One-week periods (eaeh oomprising 6 w^eekdays) are used as bases 
for the ealeulations. The total variation is measured as the daily 
variation during one year (■-" 300 weekdays): that part of the varia¬ 
tion w hich is not due to seasonal faetors eorresponds to the varianee 
within the weekly samples (<T,r). Thus, if the total varianee (at) 
and that whieh is not due to seasonal faetors (<t^) are kiiown, the 
varianee dependent on seasonal faetors (al) ean be obtained as the 
differenee between tlnun. 

Tn order to obtain a pieture of the seasonal eourse of the labour 
eonsumption, however, the numerical material must be supplemented 
by variation curves. 

General econornic data for eaeh farm are given in Appendix Tables 
I—IV: eorresponding group averages are given in Text Tables 1 & 2. 
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Table 3. Bivision of the yearly labour consumption on lahourhrs 
from permanent workers and casual workers^) on the farmgroups in 

average per farm. 


Farm group 


Number of 
pormanont 
workera 
per 10 ha | 

Permanent 

worker» 

hours 1 % 

CaBual ! 

worker» ; Total 

--j hours 

hours 1 % 1 

North Sweden. 

Middle Sweden. 

South vSweden. 

as « 

>» i» 
T3 -O 

s 

t OQ 

2.86 

2.41 

2.30 

10 122 

9 137 

7 984 

93.7 

96.5 

95.2 

677 

333 

401 

6.3 

3.5 

4.8 

10 799 
9 470 
8.385 

North Sweden.> ^ 

Middle Sweden. 

South Sweden.' J 

> 

2.86 i 
2.41 1 

2.30 

9 156 

8 162 

7 100 

! 

! 93.1 677 

! 96.1 333 

1 94.7 401 

1 

6.9 

1 3.9 

1 5.3 

9 833 

1 8 495 

1 7 501 

i 


*) A porson, wo is omployed on the farm during at least half a year in 
auooession is classified as a permanent worker. 


It is apparent from Table 1 tbat the average area of eultivated 
land is of the same order in all three groups, but that there are large 
deviations in the distribution of the area among the different crops. 
A eonsiderable area of pasture, rather liinited cultivation of grain 
erops, and insignifieant cultivation of potatoea and root crops are 
characteristic, features of the Korth Swedish farms, while these con- 
<UtionH are reversed in the case of the South Swedish farms: the middle 
Swedish farms take up an intermediate position. Dissimilarities also 
exist between the three groups’ animal production. When considering 
group averages, the dissimilarities in the structure of production can 
X^robably be traced back iii the first place to general climatic and 
(H^ononiic eircumstaiices, the personal cax)acity and interest of the 
managers being thus equalized, at least to a eonsiderable degree. 

Tables 2 & 3 show that both the total labour consumption and the 
relative number of worki)eople are greatest on the farms in i^orth 
Sweden and least on those in South Sweden. This is i)robably in part 
due to the faet that families are largcr in JSorth Sweden than in other 
parts of the countrj": it is also partly conneeted with the greater 
accent on animal production and the greater sigiiificance of forestry, 
which make for a greater labour requirement in North Sweden than 
elsewhere provided that crop production is carried on in the same 
maniier if one keeps to the area of agricultural land as a measure 
of the size of farm. That the labour consumption for crop production 
in South Sweden esseniially exceeds that in the other groups naturally 
depends on dissimilarities in the line of production. 

It is further apparent from Table 2 that household work takes up 
the largest part of the labour consumption in all three groups: 













496 


N, Westermarck 


there is therefore justification for the inclusion of this group when 
one is trying to throw light on the labour conditions on family farms, 
When starting from family fanns as units of business, household 
work must — at least to a certain extent — be considored as being 
of a productive nature. The distribution of the labour consurnption 
among the different labour groups shows certain diverging features — 
which are connected with differences in the strueture of i)roduction 
— for the different groups of farms. 

Forestry work lacks all significance on the South Swedish farms and 
I)lays a minor part not oiily on the middle Swedish farms but also, 
strangely enough, on those in North Sweden. It should, however, be 
noted here that included in the group »miscellaiieous work» there 
being of substantially greater importanco on the N orth Swedish farms 
than on the other groups. In addition to this, most of the North 
Swedish farms have sold their timber standing, so that transport of 
this cannot bo in »forestry work», although it takes place on tlnnr own 
land. 

Table 3 shows plainly that work is performed almost exclusively 
by the permanent workers, i. e. the farmers family. 

3. Results of the investigation. 

It is universally accepted that the length of the cultivation period 
is very closely connected with the seasonal variation of labour con- 
sumption: the shorter the cultivation period, tlie greater is the con- 
centration of seasonal operations and the more strikingly do the 
labour peaks stand out. Thiis, if other circumstances remain iinal- 
tered, a successive shortening of the cultivation period accentuates 
the seasonal variation of labour consurnption. This gives rise to a 
considerable strain and means that, in districts where the cultivation 
period is short, cropping and, indeed, the whole strueture of pro- 
duetion must bo carefully adapted so that the occurrence of too sliarp 
a culmination of the labour consumption is avoided. 

As the author has already pointed out, it is desirable io present 
the seasonal variation of labour (consumption both in the form of a 
numericcal measure of the variation and in graphical form. The 
course of the variation is apparent from the graphs in Figs. 1—6. 
Before considering the diagrams in detail, it would be as well to 
call attention to the stabilization which always takes place when the 
labour consumption is presented on the basis of the average for a 
group of farms (Westermarck 1949 a). The largcir the number of 
farms, the more obvious does this stabilization process naturally 
become. 

If to start with one compares the seasonal variation of agricultuml 
operations on the different groups of farms, considerable dissimilari- 
ties are apparent. One notices how the operations connected with 
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H Othcr ogricuiturol work 
Crop produetten work 
Animai husbondry 



Fig. 1. Labour consumption in average per week (6 weekdays) on 14 family 
farms in North Sweden. Agricultural operations. 


v.rop prodiiotion on tlio farms in Nortli Sweden are concentrated as a 
resiilt of the short ciiltivation period, while the distribution is a good 
deal evciK^r on the fanns in middle Sweden. The extremely pro- 
nouneed labour peak in Jiily is a feature peculiar lo Norrland, and 
is iiitiinately bound up with the large area of ^toss and clover ley. 
Despite the faet that th(‘ distribution of labour is evener in the middle 
Swedish ^roup of fanns than in the jrroup in North Sweden, the la¬ 
bour peaks and depressions stand out clearly. Tlie three peaks, which 



Week' 

Month] 


Fig. 2. Labour consumption in average por week (0 weekdays) on 15 family 
farms in middle Sweden. Agricultural operations. 










Fig. 3. Labour consumption in average per week (0 weekdays) on 10 family 
farms in South Sweden. Agi*icultural operations. 


B Other ogricuicural work 
Crop produccion work 
Animal husbondry 
Fort$try work 
MiKcIiontoui work 
Household work 
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S Other agriculturol work 
Crop production work 
Animal hutbandry 
Forejtry work 
Miicelloneous work 
Household work 



Fig. 5. Labour ronsumption in average per wook ((» weekdays) on 15 faraily 
fnrma in middle Swcden. TotaJ operations. 


I Oihcr ogriculturol work 
I Crop production work 
Animol husbandry 
Forcury work 
Misccliancous work 
Household work 



Fig. 6. Labour consumption in average per week (6 weekdays) on 10 family 
farms in South Swedon. Total operations. 

32 — 48106 Lanthrukshögskolann Annaler. Vol. 16. 
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are of approximately equal height, are caused by spring cultivations, 
haymaking, and harvest. The distribution of labour in the South 
Swedish group of farms differs very substantially from the seasonal 
variation in the other two groups. The very pronounced peaks in 
May—June and October—November are dependent abo ve all on the 
very considerable cultivation of root crops, while the lesser, but ne- 
vertheless distinct peak in August is boimd up with the grain har- 
vest. There is, on the other hand, a pronounced labour depression 
in the South Swedish group of farms during the month of July — 
this applies particularly to crop production. The distribution of 
labour at this time is thus directly opposite to that in the North Swe¬ 
dish group. 

It is quite worthy of note that »other agricultural work» on the 
farms in North Sweden is carried out to a fair extent at times which 
coincide with the coneentration of crop production work. The dis¬ 
tribution of this work is more even in the c.ase of the middle Swedish 
farms, and in South Sweden it seems as though it is done during oiher- 
wise slack periods: a good example of thcse latter is to be found dur¬ 
ing the month of July. What is the reason for thcse differences? 
They can certainly be attributed to the faet that a great deal of 
maintenance work can only be done during w^hile weather is warm, 
so that the farmers in North Sweden have no chance of spreading it 
over a longer period; on the contrary, a coneentration arises. 

On the other hand, it appears as though animal production work 
on the farms in North Sweden has a greater stabilization influenee 
on the total labour consumxdion than that on the farms in the other 
groups, because the summor depression in this brancdi is more pro¬ 
minent there. This is obviously closely allied to the fact that the 
workers engaged in animal production during the winter months 
must be mobilized for crop production work during the summor 
months to a much greater extent on the farms in North Sweden than 
on tbose in middle and South Sweden. Especially on the farms in 
South Sweden, animal production is charaeterized by a regular la¬ 
bour consumption which — at least in part — is dej^endent on the 
laborious method of grazing (tethering on pasture): the grazing 
period does not therefore imply any very significant reduetion in the 
labour consumption- 

If one then goes over to an examination of the seasonal variation 
of the total labour consumption^ it can be seen that it is less striking 
than that of the purely agricultural labour (jonsumption. Forestry 
work and miscellaneous work are of such small proportions that they 
do not play any decisive part in the seasonal variation of the total 
labour consumption. It is, however, obvious that, as is the case with 
agricultural work, it is the distribution over the year of crop pro¬ 
duction work which plays the dominating part, even in determining 
the course foUowed by the variation of the total labour consumption. 
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Table 4. Size of variation of the labour consumption (a*) in average 
on the different groups of farms. 


Farm group 

i 

Total labour consumption 

Labour consumption for 
crop production 

Total 

variation 

Seasonal 

variation 

Total 

variation 

SeaHonal 

variation 

North Sweden. 

90 

■ 

43 

77 

51 

Middle Sweden. 

43 I 

1 

44 

24 

South Sweden. 

70 

1 37 

77 

45 


The group avcrages for both the total variation and the seasonal 
variation of labour consumption are presented numerically in Table 4. 
The corresponding data for each farm are given in Appendix Table 
11. It should be pointed out here that the average variance has been 
calculated as an arithmetic mean of the varian(*.es ca;lculated sepa- 
rately for ea(‘b farm, i. e., aecording to the formula 

2 __ ^ Cn 


It should be noticed that the numerical values do not correspond 
direetly with the variation (turves given in the diagrams. Concerning 
the detailed statement of labour consumption, also the method of 
aj)proach and its usability, the reader is referred to the author’8 
metliod study whi(*h has ulready been mentioned. 

If, iu exaniining Table 4, one first pays attention to the variation 
of the total labour comumption in the different groui>s, it is apparent 
that the variation reaches its minimum value in the middle Swedish 
group and its maximum in the North Swedish group. The average 
values for the South Swedish group lie somew^hat below those of 
the North Swedish group. On the farms in North Sweden, an average 
of 47.8 % of the variation is of seasonal nature, while in middle and 
South Sweden, the seasonal variation accounts for 35.7 % and 52.9 % 
respectively of the total variation. It is further apparent from Ap- 
X)endix Table lE that the spread of individual values is considerable 
in all groups, but greatest in the South Swedish grouj). 

A (iomparison between th(» variance values for vrop produvtion 
Work in the different groups presents the same piclure. That crop 
l)roduction work is of a strongly seasonal nature is apparent from, 
among other things, the fact that in all groups the average values 
for the seasonal variation of crop production w^ork substantially 
exceed the corresx>onding average values for the seasonal variation 
of the total labour con8umx)tion: for the total variation of crop pro- 
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Table 5, Comparative statements of the quoiients between variances 
on the farms in North Sweden ver sus the farms in middle Sweden 
and the farms in South Sweden. 


Farm group 

Total labour consumption 

Labour consumption for 
crop production 

Total 

v'ariation 

Seasonal 

variation 

Total 

variation 

Seasonal 

variation 

North versiis middle . 

11.91** 

21.50*** 

.5.84* 

11.73** 

North versus South . , 

0.78 

1.43 

0.40 

1.20 

Middle vorsuB South . 

4.2Ö* 

8.97** 

2.10 

4.35* 


duction work, the differences are much smaller. The seasonal vari¬ 
ation comprises 57.1 % of the total variation for the North Swedish 
group, the corresponding figures for the middle and South Swedish 
groups being 47.1 % and 58.4 % respeetively. 

The next step is to establish whether these differem^es between 
groups are significant, i. e., to investigate to what extent the variation 
between groups of farms diffcrs from the variation between farms 
within the groups so that the quotients between variances are signi¬ 
ficant. For this i)urpose the quotients between variances have been 
calculated and are presented in Table 5. It is apparcnt from this 
table that the differences in the magnitude of the variations between 
the middle Swedish group of farms and the other groups have fairly 
certainly not been conditioned by differences between the individual 
farms which may have been caused by other fa(*.tors. This applies 
in the first place to the magnitude of the seasonal variation — both 
of the total labour consumption and of crop production work — 
but also, though not with such a great degree of certainty, to the to¬ 
tal variation. On the other hand, the numerical values for the varia¬ 
tion (variance) for the South Swedish groiij) of farms do not diverge 
so much from the values for the North Swedish group that the differ- 
ence would be significant. It was, however, apparent from the dia¬ 
grams that the form of the variation curve for farms in South Sweden 
is very different from that of the similar curve for farms in North 
Sweden. From what has been said here, one van see hoiv important 
it is to use a numerical measure and a graphical presentation side hy 
side. 

It is obvious that the differences in the variation of labour con¬ 
sumption which have been brought forward above must be connccted 
— directly and/or indirectly — with the length of eultivation period. 
A direct connection can be considered as existing when the differ¬ 
ences depend immediately and solely on the eultivation period^s length 
as such. This can be exem])lified in the following: a shortening of the 
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cultivation period as such means that certain operations — primarily 
field work, of course — must be earried out within a shorter period 
of time, in other words it leads to a concentration of the work. An 
exemplification of the indirect connection can be found in the influ- 
ence — great or not so ^^reat as it may be — which the length of cul¬ 
tivation period has on the structure of production, i. e. on the rela- 
tive and absoliite proportions of the different of production, on the 
distribution of the arable area et(*. which in their turn (ian give rise 
to differences in the variation of labour consumption. In such a case 
one can speak of an indirecit connection. 

It is extremely difficult to distinguish between the direct influence 
which the length of cultivation pciriod has on the variation of the la¬ 
bour consumption and the influencMi exerted by the differences in 
structure of production — which in their turn have been determined 
by tlic hmgth of cultivation period. 

With a viiiw to obtaining soine information on the connection 
between the distribution of the agri(*ultiiral area among the differ¬ 
ent crops cultivated on the one hand and the seasonal variation of 
the labour (u)nsnmption on the othc^r, the farms in each group have 
been dividcd into two halves ac.(*-ording to the magnitude of the vari¬ 
ation. As the area distribution is most (doscdy allied to the seasonal 
variation of crop production work, the division has been made on 
the basis of the magnitude of this variation. 

A (jom parison of the av erages — presentcnl in Table t> — for the 
plus- and minus-variant groups^ within each group of farms does not 
indicate the (‘xistence of any definitc» connection between differen(*es 
in th(^ area of agricultural land, the distribution of this area, and the 
magnitude of the seasonal variation of (rop production work. It 
is true that, on the averag(‘, ther(dativ(‘. area of pasture on plus-variant 
farms in North vSweden ami 8outh Hwc^len exceeds that on the minus- 
variant farms, but the op])osite applics to the relative area of grain 
crops. This tenden(*y is not niet with in the middle Bwedish group. 
In order to establish whether a correlation analysis could not in 
certain cases throw some light on a possible connection, correlation 
coefficlent has been caleulated — within the North Swedish groui) — 
between the relative area of pasture and the size of the variaiuie. 
The figure obtained, however, r — 0.0128 ± 0.2152, shows that 
no correlation exists. 

On the other hand it is possible on the South Swedish farms to 
det(^c-t a nc^gative — although not statistic.ally certain — corredation 
r —0.3450 ± 0.2105. This is obviously due to the faet that, on 
farms with little or no pasture, the cows are kept tetlK^.red on grass 
and (dower ley — a very laborious raethod of grazing. Thus fhe 

1 The half of the farmgroup with tho lowost seasonal v^ai'iation i. e. plus 
variants. The half of the farmgroup with the highest seasonal variation i. e. 
minus vaiiarits. 
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Table 6. Data concerning ihe division of eultiv, land in the part 
of the farmgroups with the lowest seasonal variation {a^) and with 
the highest seasonal variation (a*) resp. Ldbour consumption for crop 
production (weeJcdays). 



North Sweden 

Middle 

Sweden 

South 

Sweden 




a* 


a' 

b' 

Variance (a*) in average. 

29.7 

55.4 

13.7 

34.1 

16.9 

73.4 

Number of farms. 

7 

7 

7 

7 

5 

5 

Cultiv. acreage ha per farm. 

10.9 

13.9 

13.7 

12.1 

13.5 

14.3 

Division of cultiv. acreage in %:*) 







Grain... 

18.8 

20.9 

42.1 

35.1 

41.7 

43.3 

Clover & grass ley & greenfodder 

56.8 

56.4 

28.8 

32.6 

17.0 1 

20.7 

Pasture. 

19.7 

17.1 

21.0 

22.0 

18.2 

10.3 

Koots and potatoes. 

3.1 

3.0 

6.3 

8.7 

16.9 j 

24.7 

Fallo w. 

0.3 

— 

1.6 

1.2 

2.4 ! 

— 

Other acreage. 

2.3 

2.6 

0.2 

1 0.4 

3.8 1 

1.0 


a = the half of the farmgroup with the lowest seasonal variation i. e. 
plus variants. 

b = the half of the farmgroup with the highest seasonal variation i. e. 
minus variants. 

*) Arithraetic means of the division in percentage of eac;h farm. 


^razinj? period does not imi)ly any reduction in labour consumption 
compared with the stall-feeding period. What has beeii said must 
not be interpreted as meaning that, in the author^s opinion, the area 
distribution has no significance for the seasonal variation on farms 
with cultivation periods of approximately equal length. We have 
already seen that this problem has interested several investigators, 
who have come to the conclusion, either oii the basis of empirically 
obtained results or by hypothetical constructions, that a (ionnection 
— strong or weak as it may be — exists. That the author has not 
been able in the present investigation to establish the existence of 
any connection may be interpreted as follows: even if a connection 
bettveen area distribution and the seasonal variation of labour consump¬ 
tion must, for purely logical reasons, be considered to exist, there are 
other faetors which have such a strong effect that the influence of area dis¬ 
tribution is masked. It is fairly safo to assume that the most signi- 
ficant factor in this respect is the management of the farm. 

It would naturally have been possible for the author — with the 
object of making up an area distribution which would be ideal 
from the point of view of labour distribution — to build up a 
hypothetical distribution of labour for different alternatives, based 
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Table 7. Data concerning the iype of production in the part of the 
farm groups with the lowest seasonal variation (a*) and with the high- 
est seasonal variation (a*) resp. Total labour consumption {weekdays). 



North Sweden 

Middle Sweden 

South Sweden j 


a» 


a‘ 

bl 

al 

bl 

Variance (cr*) in average. 

24.2 

62.2 

6.9 

21.3 

13.2 

61.4 

Number of farms.! .... 

7 

7 

7 

7 

5 

6 

Total labour consumption per farm 
hrs. 

9 035 

10 631 

7 613 

9 048 

7 033 

7 971 

Division of the labour oonsump- 
tion in %:^) 

Crop production. 

18.1 

17.2 

18.4 

20.7 

26.7 

34.2 

Animal husbandry. 

25.7 

23.0 

23.3 

26.1 

29.6 

22.8 

Other agric. work. 

7.3 

16.1 

94 

8.9 

11.6 

7.4 

Forestry work. 

4.4 

1.7 

3.2 

2.4 

— 

— 

Household work... 

37.9 

37.3 

37.3 

39.9 

26.9 

3 : 1.6 

Misc. work. 

i 6.6 

5.7 

8.5 

2.2 

6.3 

2.0 

Labour hrs from perm. workers in 
% of total labour consumption. 

1 93.2 

92.5 

97.8 

96.9 

99.2 

90.9 


See table 6. 


on certain given assumptions. In this respect, howevcr, tho value 
of such cal(5ulations is questionable, as the connection is nullified 
in practice. 

In the preceding paragraphs, it is mainly the connection between 
the seasonal variation of crop production work and the extent to 
which certain crops are grown which has been analyzed. Tt is, how- 
ever also of interest to establish whcther a connection exists between 
the relative scope of the different branches of production and the 
seasonal variation of the total labour c.onsumption. Por this purpose, 
the farms within the three groups have been divided up, again as 
described above, but naturally on the basis of the seasonal variation 
of the total labour consumption this time. The distribution of the 
labour consumption among the different labour groups has been taken 
as a criterion of the structure of production. 

It is apparent from Table 7 that, if one considers all farm groups, 
it is not possible to note any definite tendency other than that the 
share taken by »miscellaneous work» is greater in all sub-groups with 
plus-variants than in those with minus-variants. It thus appears 
that the occurrence of this work has an stabilization effect on the 
seasonal variation of the labour consumption: the occurrence of 
forestry work also seems to have a similar effect. As is known alrcady, 
forestry provides possibilities for work during the winter and, in 
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its capacity of supplementing crop production work, has an stabili- 
zation effect on the labour consumption. It is of interest to notioe, 
that »other agric. work» seems to stabilize the seasonal variation 
of labour consumption on the farms in middle and South Sweden. 
In North Sweden on the contrary »other agric. work» seems to 
sharpen the variation, which well corresponds to the previous dis- 
enssion about the (mrves in the diagrams. It is not possible to note 
any definite connection between the scope of household work and 
animal production work on the one hand and the seasonal variation 
on the other, despite the fact that these groups of work do not show 
any major flucduations during the year. This obviously depends on 
the fact that the magnitude of the seasonal variation is influenced to 
a very high degree by the management of the farm, and this causes 
the previously-mentioned connection to be weakened or completely 
broken. It is quite understandable that the permanent labour force^s 
share in all sub-groups witli plus-variants is greater than that in the 
(iorresponding groups with minus-variants, it being well known that 
casual labour is engaged during peak periods. 

On the basis of the abo ve discussion, c(U‘tain conclusions have been 
drawn concerning tlie connection between area distribution and the 
seasonal variation of crop production work and between the». strueture 
of production and the seasonal variation of the total labour consunip- 
tion. The discussion has, however, not led to any explaiiation of the 
remarkable fact that when the cultivation period is lengthened from 
150—155 days to 200 days — corresponding to a move from the 
North Bwedish groui^ to the middle Swedisli group — a c-onsiderable 
and obvious reduetion oceurs in the seasonal variation of both crop 
production work and the total labour consumption, whereas a fiirther 
extension in the cultivation period from 200 days to 250 days — 
i. e., a shift from the middle Swedish group to the South Swedish 
group — leads to a substantial inereaso in the seasonal variation. 
A further discussion is necessary for an understanding of the relation 
of causes. 

When one has to decide on a certain line of production, attention 
must be paid not only to the seasonal variation of the labour require- 
ment but also t-o many other faetors, and among these is the necessity 
of a rational utilization of the fertility of the soil, i. e., to the techni- 
cal problems of plant nutrition. It can well happen that a (»roj) ro¬ 
tation which is favourable from the poiiit of view of the distribution 
of labour does not at the same time make for rational conservation 
of soil fertility and vice versa. It is therefore up to the manager to 
decide which point of view is to be the determining one in the cdioice 
of crop rotation: 

Brinkmann (1922) points out that no general solution can be given, 
but that each case must be judged on its own merits. One can, 
however, say this much, that in cases where the natural conditions 
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are unfavourable for agricultural production, it is often economically 
justifiable to give preference to the principle of labour distribution, 
whoreas the fertility utilization principle will be the deciding ono for 
the determination of the lino of production where the natural con- 
ditions are favoiirable and the degree of intensity high. 

Thus the explanation of the large seasonal variation of hoth crop pro¬ 
duction Work and total labour consumption on the South Swedish farms 
may he said to lie in the fact^ that these farms do not pay so mueh atten- 
tion to the labour distribution as do those in North and middle Sweden, 
On the other hand^ in both North and middle Sweden^ one must give 
first plaee to the principle of labour distribution^ on account of the less 
favourablo geographical situation. That the situation is so unfavour¬ 
able is dependent not oiily on a shorter cultivation period, but also 
on the greater risk of frost and the less fertile soil. On account of 
the shorl; cultivation period in North Bweden, the chances of stabili- 
zation the seasonal variation are very limited, despite the various 
mensures wliich may be taken in the adaptation of production and 
in the organization of labour: on the middle KSwedish farms, on thC' 
other hand, the chances are better. It is thus here that the explana¬ 
tion of the deviations in the seasonal variation of crop production 
work which are obvious from the diagrams and tables lie. 

The validity of this argument is also su])ported by figiires from the 
cost accoiinting of Swedish agriculture (see Naivneson 1945—1948). 
It is apparent from these that labour (H)st8 on South Swedish farms 
account for an appreciably smaller proportion of the total production 
cost-s than they do on farms in middle and North Sweden, whereas 
the opposite a])plies to the consumption of commodities such as ferti- 
lizers, feedingstuffs, etc. 

Tli(*. wide ra,nge of variation in the South Swedish group (see Appen- 
dix Table IV) is explained by the fa(*.t that South Swedish farrning 
obviously allows of a substantial measure of freedom in the choice 
of the line of production which is to be followed. 


4. Conchisions. 

The object of the present investigation has been to throw light 
on the seasonal variation of labour consumption on family farms in 
North, middle, and South Sweden, and to determine the causes of this 
variation. It has become apparent that the seasonal variation, both 
as regards sizc of va-riation and shape of the variation curve, exhib- 
its characteristic differences between tho regional groups of farms. 

In the investigation it has been possible to establish the existence of 
two factors which are of deeisive significance for the seasonal variation 
of labour consumption^ one is the manager and the other is the length 
of cultivation period. The influence which the labour techniques and 



508 


N. Westermaiok 


labotur organization measures applied by the manager have on the 
magnitude of the seasonal variation seems to be particularly strong. 
Similarly, the connection between the length of cultivation period 
and the seasonal variation is also pronounced, but is at the same time 
rather complicated. The large seasonal variation on the farms in 
North Sweden is obviously due to the fact that, although an attempt 
is made to adapt production in relation to it, the cultivation period 
is 80 short that it is impossible to avoid a pronounced culmination 
of work during the summer months. On the middle Swedish farms, 
on the other hand, it is possible to achieve a more even distribution 
of labour, thanks to the longer cultivation period. The fact, which 
at first glance may seem surprising, that the seasonal variation on 
the farms in South Sweden is considerably larger than that on the 
farms in middle Sweden and that the shape of the variation curve 
is completely different, depends on the cultivation period in South 
Sweden being so long that one does not have to pay somuch attention 
to it there as one does further North. The first consideration in plan- 
ning production, and crop production in particular, is not its adapta- 
tion to the length of cultivation period, but primarily the most ra- 
tional utiUzation of the reserves of plant f ood in the soil. One can thus 
consider the existence of a definite connection between the length of 
cultivation period and the seasonal variation as an established fact. 

Ås the line of production, in particular the distribution of the 
cultivated area among different crops, is influenced by the length 
of the cultivation period, there should also be a connection between 
the seasonal variation on the one side and the line of production and 
the area distribution on the other. The investigation has demon- 
strated that a connection dependent on the length of the cultivation 
period exists between the line of production and the seasonal vari¬ 
ation of labour consumption. On the other hand, no connection has 
been noticed between line of production and area distribution on 
the one hand and the seasonal variation on the other when farms in 
the same group (i. e., farms with approximately the same length of 
cultivation period) have been comiiared. This obviously depends on 
the strong influence which the manager has over the seasonal vari¬ 
ation, which in turn means that any effeet which the line of pro¬ 
duction and area distribution have on the seasonal variation of la¬ 
bour consumption can not bo traced with any certainty as long as 
the length of cultivation period does not undergo any appreciable 
changes. 

There may, of course, be faetors in addition to those mentioned 
here which have an effeet on the seasonal variation of labour con¬ 
sumption. It has not been possible to establish any prirnary connec¬ 
tion between the size of business unit and the seasonal variation, 
but in another investigation, the author has demonstrated, that 
mechanization has the effeet of inereasing the seasonal variation if 



The seasonal variation of labour consumption 509 

the management does not consciously endeavour to prevent such an 
increase. 
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Appendix. 

Table I. 


Data coneerning seope and äirection on the farms. 


Farm 

group 

Farm 

No. 

Lon^th 

of 

cultiv. 

period 

dayfl 

Cultiv. 

land 

hoct- 

iireH 

(ha) 

Diviöion of cultiv. 

land in percontage 

Numbor of animals 
por 10 ha 

Craiii 

Clover i 
and 1 

griiHH- 1 Paa- 
ley <fc i turo 
j?roen- | 
foddor 

UoutH 

and 

pota- 

tooa 

Fal- 

low 

Other 

acre- 

age 

Work- 

ing 

horHos 

CoWH 

Other 

animaia 

in 

raftlt) 

unitu 


1 

143 

10. l 

13.6 

64.7 

18.7 

3.0 



I.O 

9.9 

2.8 


2 

104 

15.9 

17.9 

67.5 

11.8 

2.8 


— 

1.3 

6.6 

3.0 


3 

150 

15.3 

25.8 

51.6 

19.6 

3.0 

— 

— 

1.3 

6.9 

2.1 


4 

151 

13.5 

22.7 

60.9 

10.7 

4.7 

— 

1.0 

0.8 

6.8 

3.2 


r» 

152 

19.0 

19.7 

57.9 

18.0 

4.4 


— 

1.0 

6.6 

2.3 

Tj 

(U 

f) 

102 

10.8 

8.1 

62.5 

26.4 

3.0 

— 

— 

0.9 

8.1 

2.4 


7 

163 

9.0 

17.4 

65.8 

15.0 

1.8 

— 


1.1 

7.9 

3.2 


8 

142 

9.0 

28.0 

45.2 

21.8 

2 8 


2.2 

1.7 

6.0 

4.2 

t: 

1) 

152 

10.4 

25.3 

51.0 

18.7 

3.1 

1.9 

- 

1.0 

8.4 

3.2 

0 

10 

138 

10.5 

7.6 

50,5 

29.5 

1.0 

— 

11.4 

1.0 

5.7 

1.9 


H 

154 

12.4 

29.8 

54.8 

9.7 

4.1 

— 

1.6 

0.8 

5.6 

4.4 


12 

138 

10.5 

7.6 

52.4 

24.8 

1.9 

— 

13.3 

1.0 

6.7 

1.0 


13 

166 

15.0 

28,0 

44.7 

20.7 

3.3 


3.3 

1.3 

5.3 

1.7 


U 

104 

12.0 

25.8 

55.8 

12.5 

42 


1.7 

0.8 

5.8 

2.9 


1.) 

198 

12.0 

49.8 

28.1 

16.6 

5.5 

— 


1.7 

3.4 

4.6 


10 

210 

15.0 

50.3 

8.0 

25 0 

16.7 



1.3 

2.6 

3.7 


17 

217 

15.0 

44.0 

44.6 

8.6 

2.2 

— 

0.6 

1.3 

3.3 

2.6 


18 

205 

10.8 

41.6 

18.5 

23.1 

16.8 

— 


1.9 

3.8 

8.1 

a 

19 

176 

15.0 

32.0 

26,7 

33.3 

8.0 

— 

— 

1.3 

6.0 

4.7 


20 

194 

13.5 

35.3 

28.4 

29.6 

6,0 

— 

0.7 

2.2 

7.4 

4.4 


21 

212 

16.5 

31.2 

40.8 

24.2 

2,6 

_ 

1.2 

1.2 

4.8 

3.6 


22 

201 

11.8 

23.7 

44.1 

23.7 

6.8 

— 

1.7 

1.7 

5.1 

4.7 

s 

23 

195 

6.6 

31.8 

30.3 

30.3 

7.6 

- 


1.5 

9.1 

8.3 

'T3 

24 

194 

14.5 

43.5 

28.0 

17.2 

11.3 

— 

— 

1.4 

5.5 

4.8 


25 

217 

15.0 

60.8 

26.7 

9,2 

3.3 

- 


1.3 

4.7 

4.7 


20 

179 

11.5 

33.0 

33.9 

21.8 

1 1.7 

9.6 

1 — 

1.7 

4.3 

4.8 


27 

198 

20.0 

33.0 

35.2 

25.0 

6 0 

- 

0.8 

1.0 

4.5 

3.5 


28 

201 

11.0 

37.3 

32.7 

15.5 

3,6 

10.9 

— 

i 

5.5 

2.7 


29 

203 

6.2 

! 29.0 

33.9 

19.4 

__ 

14.5 

— 

— 

3.2 

8.0 

8.0 


30 

; 230 

11.5 

54.7 

12.2 

12.2 

8.7 

12.2 

— 

1.7 

5.2 

6.1 


31 

238 

13.5 

33.4 

22.2 

22.2 

22.2 

— 

— 

1.5 

3.7 

5.9 

S 

32 

251 

21.0 

28.6 

11.9 

42.8 

14.3 


2.4 

1.0 

3.3 

2.4 

ä: 

33 

252 

14.0 

39.3 

14.3 

17.9 

28.5 

— 

— 

1.4 

5.7 

7.1 

uO 

34 

246 

10,0 

38.0 

22.0 

10.0 

30.0 

— 

— 

2.0 

4.0 

3.7 

XI 

35 

202 

21.0 

52 4 

23.8 

-- 

23.8 


— 

1.4 

3.8 

3.4 

3 

36 

243 

13.0 

52.4 

21.2 

1.5 

19.2 

— 

5.0 

1.5 

3.8 

2.3 

0 

X 

37 

231 

5.0 

32.0 

26.0 

20.0 

22.0 

— 

- - 

2.0 

6.0 

3.0 


38 

204 

14.8 

50.0 

11.5 

15.5 

23.0 

— 

— 

2.0 

4.7 

4.3 


39 

253 

15.0 

43.3 

23.3 

— 

i 16.7 

1 

— 

16.7 

1.3 

3.3 

6.0 





512 


N. Westennarck 


Table II. 

The yearly labour cansumption (in hours) and its division on 
farm enterprises, 

Weekdays. 


Farm 

group 

Farm 

No. 

Crop 

produc- 

tion 

Animal 

hus- 

bandry 

Other 

agric. 

Work 

Forestry 

work 

House¬ 

hold 

work 

Misc. 

work 

Total 

hours 

Perma¬ 

nent 

workera 

hours 


1 

1331 

1 919 

3 191 

66 

3 284 

829 

10 620 

8 931 


2 

1 804 

2 478 

1 563 

166 

4 949 

424 

11 384 

10 960 


3 

2118 

1 790 

855 

300 

4 985 

1 761 

11 809 

11 226 


4 

1 546 

1 887 

707 

49 

2 604 

903 

7 596 

7 163 


5 

2 088 

3 042 

1 070 

140 

3 740 

368 

10 448 

9 735 

£ 

6 

1 067 

2 300 

958 

65 

3 172 

25 

7 587 

7 169 

05 

7 

1 873 

2 909 

766 

409 

3 943 

99 

9 999 

8 764 

jÖ 

8 

l 347 

1 829 

392 

546 

2 869 

77 

7 060 

6 425 


9 

1 748 

2 334 

1422 

30 

3 067 

487 

9 088 

8 088 


10 

1 350 

1 597 

709 

220 

6 184 

1 711 

11 771 

11 511 


11 

1 867 

3 087 

415 

783 

3 184 

151 

9 487 

8 177 


12 

1 087 

1 723 

1 125 

245 

4 871 

1 502 

11 153 

11 009 


13 

2 170 

2 614 

2 143 

171 

4 013 

616 

11 727 

11 437 


14 

1932 

2 977 

457 

717 

1 709 

145 

7 937 

7 097 


15 

1 038 

1605 

251 

69 

2 733 

1 424 

7 120 

6 780 


16 

1 467 

1 651 

447 

10 

3 214* 

1 089 

7 878 

7 348 


17 

2 245 

1 988 

1 017 

87 

5 334 

148 

10 819 

9 010 


18 

2 250 

1 890 

764 

— 

3 292 

323 

8 519 

8 349 

g 

19 1 

1 644 

1 385 

626 

1 340 

2 117 

182 

7 294 

7 294 

0) 

20 

1 699 

1 806 

914 

132 

3 485 

295 

8 331 

8 301 


21 

1 484 

2 062 

399 

34 

3 163 

154 

7 296 

7 226 

Xfl 

22 

1917 

3 053 

943 

164 

3 282 

82 

9 441 

9 381 

4 

23 

976 

1 698 1 

1 929 

55 

2 419 

246 

7 323 

7 323 

3 

24 

1 896 

3 177 

769 

1075 

3 237 

248 

10 402 

9 062 


25 

1 117 

1 613 

1 027 

l 

4 012 

174 

7 944 

7 594 


26 

1931 

1 862 

613 

173 

2 170 

40 

6 789 

6 689 


27 

1 852 

2 455 

996 

111 

3 641 

133 

9 188 

9 188 


28 

1 386 

1594 

350 

48 

2 654 

1 143 

7 175 

6 975 


29 

2 038 

3 338 

329 

15 

5 974 

214 

11 908 

11 908 


30 

1 413 

1467 

1 199 

— 

1 570 

1 406 

7 055 

7 055 


31 

2 912 

2 350 

1 321 


3 111 

107 

9 801 

9 801 

s 

32 

2 171 

2 347 

406 

— 

1 842 

99 

6 865 

6 796 

1 

33 

3 073 

2 537 

311 

32 

2 556 

108 

8 617 

7 377 


34 

1 878 

2 331 

796 

— 

1 821 

80 

6 906 

6 691 


35 

4 168 

1 739 

889 

— 

2 687 

106 

9 589 

8 149 

s 

36 

2 276 

1 791 

583 

—• 

2 832 

48 

7 530 

7 270 

o 

cö 

37 

912 

1 590 

426 

— 

1 242 

368 

4 538 

4 538 


38 

2 308 

1 887 

690 

— 

2 655 

279 

7 819 

7 819 

i 

39 

2011 

1 153 

i 

459 

— 

2 443 

233 

6 299 

5 505 
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Table IIL 

The yearly labour consumption {in hours) and its division on 
farm enterprises. 

Weekdays and Svindays. 


Farm 

group 

Farm 

No. 

Crop 

produc- 

tiori 

Animal 
hus¬ 
band ry 

Other 

agric. 

Work 

Forest ry 
work 

Houb©. 

hold 

Work 

Misc. 

Work 

Total 

hours 

Perma¬ 

nent 

workeis 

liours 


1 

1 377 

2 295 

3 322 

66 

3 682 

864 

11606 

9 917 


2 

1 834 

2 903 

1 648 

166 

5 419 

4!)4 

12 464 

12 040 


3 

2 1G4 

2 100 

900 

306 

5 347 

1 880 

12 677 

12 094 


4 

1 552 

2 289 

723 

49 

2 660 

917 

8190 

7 767 

g 

f) 

2 088 

3 042 

1 120 

140 

4 208 

408 

11 006 

10 293 


G 

1 091 

2 786 

1 004 

65 

3 635 

25 

8 606 

8 188 

P 

OQ 

7 

1 927 

3 370 

809 

414 

4 381 

102 

11 003 

9 768 

X 

8 

1 369 

2 212 

399 

549 

3 327 

93 

7 949 

7 314 


9 

I 783 

2 757 

1 449 

30 

» 285 

497 

9 801 

8 801 

O 

'A 

10 

1 327 

1 889 

754 

221 

6 968 

2 137 

13 296 

13 036 


11 

1 898 

3 725 

434 

894 

3 685 

155 

10 791 

9 881 


12 

1 703 

2 037 

1 154 

359 

5 523 

1626 

12 402 

12 348 


13 

2 153 

3 152 

1 926 

193 

4 450 

637 

12 501 

12 211 


14 

1 951 

3 543 

529 

733 

l 982 

161 

8 899 

8 059 


15 

1 051 

1 916 

277 

69 

3 087 

1 427 

7‘827 

7 487 


IG 

1 511 

1 981 

540 

10 

3 594 

1 316 

8 952 

8 422 


17 

2 270 

2 361 

1 135 

89 

5 984 

167 

12 006 

10 197 


18 

2 278 

2 234 

836 

— 

3 793 

344 

9 485 

9 315 

ti 

19 

1 092 

1 644 

657 

1 351 

2 477 

232 

8 053 

8 053 

0; 

TJ 

20 

1 731 

2 107 

964 

162 : 

3 972 

322 

9 258 

9 228 

(b 

21 

1485 

2 481 

463 

35 1 

3 655 

158 

8 277 

8 207 

CO 

22 

1 922 

3 527 

966 

173 , 

3 637 

84 

10 309 

10 249 


23 

987 

1 993 

l 954 

55 

2 700 

246 

7 935 

7 935 

'ti 

24 

J 942 

3 738 

836 

1 085 

3 663 

320 

11 584 

10 244 


1 25 

1 127 

1 894 

1 070 

1 1 

4 506 

179 

8 777 

! 8 427 


2G 

1 958 

2 247 

730 1 

173 1 

2 525 

40 

7 673 

7 573 


27 

1 883 

2 885 

1 023 

111 

4 124 

133 

10 159 

10 159 


28 

1 412 

1 901 

417 

64 

3 108 

1361 

8 263 

8 063 


29 

2 084 

4 027 

361 j 

15 1 

1 

6 747 

238 

13 472 

13 472 

1 _ 


30 

1 407 1 

1 927 

1 225 


! 1911 

1 447 

7 977 

7 977 


31 

2 936 

2 727 

1 346 

— 

1 3 631 

118 

10 758 

10 758 

ti 

O 

32 

2 220 

2 846 

407 ! 

— 

2 072 

103 

7 648 

7 579 

'ti 

33 

3 090 

3 064 

319 ; 

32 

' 2 991 

113 

9 609 

8 368 


34 

1 896 

2 825 

836 

— 

' 2 134 

86 

7 776 

7 566 

XJ 

35 

4 193 

2 085 

931 

— 

3 149 

113 

10 471 

9 031 


3G 

2 334 

2 152 

599 

— 

: 3 271 

59 

8 415 

8 155 

O 

K2 

37 

930 

2 018 

454 

-- 

' 1 452 

413 

5 267 

5 267 


38 

2 325 

2 359 

706 

— 

1 3 188 

317 

8 895 

8 895 


39 

2 140 

1 394 

496 

— 

1 2 750 

249 

7 029 

6 235 


- 


- 

— 

—- 

!--- 

— 

—- 

- — 
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Table IV. 

Data eoneerning variation of lahour consumtion (cr^) and number of 
workers on the farms. 


Farm 

groiip 

Farm 

No. 

i 

N omber of 
permanent 
workors por 
10 ha 

Total labour consumption 

Labour conaumption for 
crop pro(iuction 

Total 

variation 

Seasontil 

variation 

Total 

variation 

! 

Scaaonal 

1 variation 


1 

3.4 

107.3 

71.6 

59.3 

.32.8 


2 

2.5 

73.1 

37.3 

73.3 

45.4 


3 

3.5 

96.8 

35.0 

105.2 

63.0 


4 

2.7 

33.4 

10.4 

58.2 

27.8 

o 

5 

2.1 

131.4 

56.3 

110.9 

.57.8 


6 

1.8 

35.8 

27.9 

31.3 

17.0 

cc 

7 

2.6 

196.0 

84.7 

67.2 

42.6 


8 

3.1 

41.9 

12.0 

46.5 

20.3 

t 

9 

2.2 

82.1 

36.8 

53.5 

35.2 


10 

4.0 

70.6 

36.7 

55.6 

37.3 


11 

2.4 

73.9 

34.6 

87.6 

40.8 


12 

4.0 

123.7 

75.1 

95.5 

65.7 


18 

3.3 

142.7 

73.6 

152.8 

82.4 


14 

2.5 

45.7 

13.0 

84.1 

37.7 


lö 

3.1 

16.0 

4.7 

12.4 

7.5 


16 

2.0 

24.9 

11.7 

25.5 

15.2 


17 

2.1 

57.8 

15.5 

92.5 

39.6 


18 

' 2.8 

78.5 

27.0 

90.1 

30.1 

s 

19 

2.0 

23.8 

4.0 

43.2 

29.0 

■S 

20 

2.2 

39.4 

19.2 

51.2 

20.7 


21 

1.2 

11.9 

5.6 

24.9 

1.5.0 

cc 

22 

3.2 

49.7 

19.3 

58.5 

26.6 


23 

3.0 

28.1 

4.2 

23.6 

10.6 

T3 

24 

2.1 

99.3 

20.7 

101.0 

38.9 

k 

25 

2.0 

60.3 

28.9 

27.1 

1 12.1 


! 26 

2.3 

46.2 

16.1 

54.7 

26.8 


i 27 

1.5 

21.0 

3.1 

35.3 

18.8 


28 

1.8 

40.0 

8.1 

43.8 

16.4 


29 

4.8 

37.4 

18.2 

74.1 

47.5 


30 

2.6 

29.9 

13.3 

33.6 

17.6 


31 

2.3 

109.6 

21.0 

162.5 

80.8 


32 

1.4 

38.9 

3.2 

41.4 

23.1 

TÖ 

33 

2.1 

113.0 

66.4 

115.5 

86.4 

OQ 

34 

3.6 

32.3 

19.6 

46.5 

26.9 


35 

1.4 

136.8 

83.0 

184.3 

122.0 


36 

2.3 

82.3 

42.5 

88.7 

51.1 


37 

4.0 

13.7 

8.8 

13.7 

7.1 


38 

2.0 

53.9 

36.1 

32.7 

13.4 


39 

1.3 

94.0 

78.8 

49.3 

23.3 
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Influence of Adding AIV-Acid, Molasses, Butter- 
milk, and Whey-Powder in Ensiling Green Grops. 

By JOKL AXELSSON and STURE ERIKSSON. 

Frotn the liintitnte of Arnnml Niitritioii. 


Introduction. 

In recent yoars sila^re makin^, according to the AlV-method, 
has incroased in iniportance, niore and nioro of the forage cTops 
being preserved in this manner. However, the adding of mineral 
acids ehanges the eharaeter of the crop from a physiologieal point 
of view (Kiisohmann 1939 and 1940), which must be taken into 
eonsideration when the silage is fed to the aiiirnals. Ae(‘ording to 
Axp:lhson and Kivimåe (1948), however, the neutralization of 
the acid substances is difficult in praetioe. Fnrther, it is diffieult 
to wilt the erop (Hellberg 1945, and Axelsson 1947), as the 
aniount of a(‘id must be adapted to the dry matter eoritent of the 
green eroj). In order to avoid these diffieulties (»xperiments with 
molasses have been earried ont in different. countries as the sugar 
may improve the fermentation process in the ensiled crop. Molasses 
has been comi)ared with AlV-soliition in a great many trials, showing 
that the molasses have some advantages in relation to the AIV- 
acid (Hellberc; 1942 b, and Jarl 1948). On the other hand adding 
but.termilk and whey has given a poor resiilt in a nnmber of trials, 
because tlie eonteiit of water is too high (Brouwer 1937, an<l Jarl 
et al. 1945). Thns the loss with the effluent has been great, and 
the qiiality of the silage bad. With dried whey, on the contrary, 
the results have been favourable, as ha.s been proved in a review of 
silage-making in the ISetherlands by JIukstra (1948). 

To treat these problems furtln^r, 38 experiments have in 1946— 
48 been earried out in the Institute of Animal Kutrition. In 
the first plaee the adding of AlV-solution, molasses, buttermilk, 
and dried whey have been eompared with each other as well as 
with no addition. That fresh buttermilk in small quantities was 
ineluded was due to the faet, that in practice in some c.ases good 
results have been obtained with it. 

Financially the experiments have been supported by the Swedish 
Bairies' Association, 

33- 4810Ö Kmigl. Lantbrukshögtikolans Annaler. Vul. 10 
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Procedures. 

The apparatus used in the experiments was the same as that 
Hellberg (1945) has described. Thus the crops were ensiled in 
90 cm hi^(h glass containers having a diameter of 30 cm, and being 
<u)vered with wooden plates 5 cm thick, around which india-rubber 
tubes were put. When these tubes were moderately pumped up with 
air and eaeh plate loaded with four weights of 5 kg each, the fer-* 
mentation ])rocess proceeded as in practice. 

The methods of the determinations have also been the same as 
those used earlier in the Institute (Hellberg 1945, and Eriks- 
ROJS 1947). Tlie green crop-in each experiment was carefully mixed 
before samples were taken for analysis. The green material was put 
in the silo in portions of 2 kg, and to each portion the preservative 
was added, when such was used. 

The effluent was drawn off Avith intervals of 1—3 days in tlu‘ 
first part of each experiment, but with longer intervals in the eon- 
tinuation. Aliquot parts were taken for analysis, and af t er each 
experiment was ended the contents of dry matter, protein, and ash 
were determined. Tn order to avoid ferrnentation in tlie samples, 
0.1 % of formaldehyde was added. After a storage of 6—8 weeks, 
the silage was weighed, mixed, and 8amx)led for analysis. In one 
part of the silage the e.ontent. of (»arotin was determined a(‘eording 
to the method described by Köhler (Olrsojs et al. 1948). In anotber 
X>art, after dry ing at a temi)erature of 45° (\ the contents of dry 
matter, i)rotein, ether extraet, (Tud<' fiber, and ash wen» detcTiiiiiK^d 
aecording to standard j)rocedures. In a ihird j)art of the silage thi* 
pH-value, and the contents of organic acids, nitrogen, and aJiinionia- 
nitrogeu w(^re determined aecording to the methods followed at tlu* 
Analytical Laboratory of the l-heinical Institute of the Itoyal 
Agricultural College. 

As not only the ensiled cro})s but also the add(‘d prescTvatiA^es 
were weighed and analyzed, tln» losses could be calculated. As the 
arnount of ether extraet iiKTeases diiring the ferinentation proec^ss 
sinee the organic acids formed from the nitrogen-free extraet are 
X)artly ineluded, these two groups of nutrients were treated t-o- 
gether when the losses were calculated. Tn order to obtain more 
reliable results as to the loss of dry matter, the (»alculated valiums liave 
been correeted by means of the balances of water and ash. 

The additions of AlV-solution, molasses, buttermilk, and dried 
whey were cnmj)ared with no addition in se ven seriens, as the data 
in Table 1 show. 

In silo no. 1 of eacii experiment no preservative w^as added. In 
each exi)eriment tln^ same arnount of green crop was put in all 
the silos, but the arnount varied from one experiment to another. 
It was greatest, when the crop w^as ehopped. The elover — con- 
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Table 1. Ensiled Crops and Added Preservatives, 


Experi- 

mental 

luiinbor 

Year 

Orop 

Amonnt of 
green erop 
per Hilo, 
kg 

Arnou 

AlV- 
aolu- 
tion, l 

ut of }>r 
ol tht 

Mulus- 

HeH, 

kg 

oservatives per ] 
enwilod erop 

Hiittermilk, 1 

00 kg 

Dried 

whey, 

kg 

small 

amonnt 

great 

arnoiiiit 

1 

I 1 

1940 

Manfjold toj)», ehopped 

28 1 

7 

_ 

2 

7.4 


n 1 

1947 

Clover, whole. 

22 

7 

2.5 

2 

7.4 

-* 

TII 

» 

Mangold tops, (•liopp(Hl 

2(1 

7 

2.5 

2 

7.4 


IV 

1948 

Pasture graas, wholo. . 

K) 

7 

2.5 

2 

7.4 

1.(1 

V 

» 

Alfalfa, whole. 

18 

9 

2..“) 

2 

9.5 

1.0 

VI 

)) 

(Movor, ») . 

18 

9 

2.5 

2 

9.5 

l.() 

VII 

rt 

Mangold tops, wholo.. 

22 

5 

2.5 


5.3 

l.() 


aboiit 10 % of — was out a.t tlic biiddln^? stajj:e. Tlie 
pri8tijr(‘. was cut oii tlie lea-fy siafic, and tbc alfalfa in tho probuddin^c 
sta^o. Tlio ainount of stubble and woods was about 10 %. Tlu^ dover 
and alfalfa were 35—45 (an, and tlie pastim' 20—25 cin high. 

Th(i AlV-8olution contained 1 part of a-oid in 0 parts of water. 
Tho aniount of niolasses was mixcd witli tln^ sanu^ amoiint of watc^r. 
Th(». small amonnt of buttermilk was 2 litres in all tlie expcTinunits. 
Tlu* ^r(‘a;t arnonnt, on tlie otln^r liand, was (uileulated from the 
added amonnt of ATV-solution, ilie same qnaiitity of water bein^^‘ 
added in the two silos in eadi experiment. The dried wdiey, rc^eeived 
from the Swcnlish Dairies’ Association, was s])rinkled in a dry State 
over the c,rop. Tii exiieriments VI and VII th(‘ dried wiiey wais 
(Tuslud before ns(?, be(^nuse it had lumped tofcether duriii^^ stora^j:e. 

Th(» statistical tr(*atjnent has b(‘eii carried out according to the 
geiK^ral princijiles laid down by (1946). 


The Amonnt and Coinposition of the Effliient. 

In tiie silo withoiit i3res('rvath^es the percentage of tlu* (dflueiit 
of the ensiled crop w^as the following: 

Experinmnt I 26.0 


» 

JI 

5.0 % 

» 

III 

7.2 % 

» 

IV 

<).() % 

» 

V 

1.6 % 

» 

VI 

4.8 % 

» 

VII 

16.5 % 


In ea(*.h (»xperiment the difference betwTcn the amouiit of effluent 
in tho silo with no ])reservative and that in each of tlu* other silos 
w^as c>alculated. The averages together with their standard devia- 
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Table 2, Differences Beiween the Amounts of EffluenL 


Differencea betweori the percentagea of effluent 
in the silos withoiit preservatives and those 
with added 



AIV- 

solu- 

tion 

Mulas* 

ses 

Buttermilk, 

small 

amuuni 

Buttorinilk, 

great 

amount 

Dried 

whey 

Number of difforences. 

7 

6 

7 

7 

4 

Average differenoo, peroont.-uiiits 

-7.8 

-2.9 

0.3 

-4.2 

2.5 

S. D. of the average » 

2.16 

2.05 

2.43 

3.07 

3.87 

/-valuo. 

.3.60 

1.40 

0.13 

1.34 

1 0.65 


t-valuea at P of: 

0.05 

0.01 

3 degrees of freedom 

3.18 

5.84 

5 i> » » 

2.57 

4.03 

6 ►) » »> 

2.45 

3.71 


tions, and the f-values are given in Table 2. The correetness of tliis 
method can perhax)8 be questioned, as different crops were eiisiled 
in the varions experiments. However^ the error of tlie method 
cannot be very great. 

The percentage of effluent was greatest when AlV-soIution was 
added. Then followed the adding of the great ainoimt of butter- 
milk, of inolasses, of dried whey, and of the small amount of butter- 
ntilk. However, only as to the difference between no addition and 
the adding of ATV-solution was the f-valiie considered signifieant. 

The content of dry matter in the effluent varied greatly from 
one experiment to the other. Usually a low amount of effluent was 
followed by a high content of dry matter and vice versa. To eluei- 
date the Chemical composition of the effluent tiie averages of the 
experiments VI and VIT are given in Table 3. 


Table 3. The Chemical Composition of the Effluent in the Experi- 

merits VI and VI f. 




Effluent from silos on 

adding 



No 

prescr- 

vative 

AIV- 

80 lu- 

tion 

Molaa- 

sas 

Huttormilk, 

small 

amount 

Butterinilk, 

great 

amount 

I )ned 
whey 

Dry matter, %. 

4.9 

4.8 

9.9 

5.1 

' 4.9 

5.6 

In the dry matter: 

protein, %. 

28.6 

12.5 

20.2 

25.5 

26.5 

26.8 

N-free extraet, %. 

40.8 

54.2 

62.6 

45.1 

44.9 

44.6 

ash, %. 

30.6 

33.3 

17.2 

29.4 

28.6 

28.6 
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It seems tliat ilie cffluent from the silos with ad ded AlV-sohition 
had the lowest content; of dry matter, and that from the silos with 
added molasses the hi^?hest eontent. The dry inatter of the», efflnent 
from the silos with no addition had the liighest protein eontent 
and that from the silos with added AlV-solution the lowest. The 
eontent of nitroji^en-free ext.ra(*,t of the dry matter was hi^yhest in 
the silos with molasses and lowest in the silos with no addition. 
The asli (‘ontent of the dry matter was hi^jhest in the efflnent of 
the AlV-silos and lowest in that of the molasses silos. 


The Chemical Composiiion of the Green Crops 
and the Silages. 

The (diemi(*al eomposition of the j^reen crops in the experiments 
and of the silaj^es from the silo withoiit preservatives is 0ven in 
Table 4. 

As is seen, the dry matter eontent of the ^rreen crops chan^ed, 
beet tops havin^^ tlu» lowest and pastnre ^rass the highost dry-matter 
eontent. The tops of experiment ITI had a very hi^?h (»ontent of 

Table 4. Vhemieal (hmposition of the Green Crops and of the Silagee 
with no Preservative. 



Exprriinoutal iiumhcr 


I 

" 

111 

IV 

V 

VI 

VTf 

T/ir green ernjhs. 








Dry" inalter, %. 

]i.r> 

10.8 

10.8 

21.6 

18.0 

14.6 

11.2 

In the (Jry iimtter; 








proOnn, %. 

17.3 

23.0 

14.5 

21.0 

21.0 

23.7 

18.1 

€ither extraet, “o. 

2.0 

3.5 

3.5 

3.7 

2.5 

.3.7 

2.5 

N-freo extraet, %. 

42.5 

44.0 

40.0 

44.3 

37.3 

40.2 

40.1 

eru(te fi})er, %. 

10.4 

17.1 

8.3 

20.1 

25.2 

21.1 

10.1 

aah, % . 

27.3 

10.(> 

32.8 

10.0 

14.0 

11.3 

20.2 

carotin, ing/kg. 

108 

324 

173 

318 

248 

320 

233 

The ailageft. 








Dry matter, %. 

12.1 

17.0 

10.7 

21.0 

16.5 

13.7 

10.2 

In the^ dry matter: 








protein, %. 

16.5 

24.1 

15.2 

22.8 

22.1 

24.1 

20.3 

ethor extraet -f N-free 








extraet, % .. 

41.0 

44.0 

40.1 

44.3 

20.8 

38.8 

41.6 

erudo fiber, %. 

12.4 

19.5 

0.3 

22.4 

32.3 

24.6 

14 4 

aah, %. 

20.2 

12.4 

35.4 

10.5 

1.5.8 

12.5 

23.7 

earotin, mg/kg. 

152 

1 240 

190 

288 

204 

131 

130 
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dry matter, depending on the dry weather in 1947. The average 
differences between the pereentages of the Chemical composition 
of the green crops and the silages are given in Table 5. As was men- 
tioned above, the contents of ether extraet and N-free extract were 
treated together. 

The table shows that the silages with added AlV-solution, molas- 
ses, and dried whey on an average had a higher (iontent of dry 
matter than the green crops, whereas the reverse was the case with 

Table 5. Differences Bcttveen the Chemical Componition of the Green 
Crops and the Silages. 



Difterencos m tJii' hiIoh on nddnig 


No 

preHer- 

vative 

AIV- 

80- 

lution 

1 

1 

! Molas- 
i ses 

Buttor- 

milk, 

sjnall 

ainount 

Biittor- 

rnilk, 

greut 

amount 

Dned 

wlicv 

Numbor of ditferenecs. 

7 

7 

6 

7 

7 

4 

Dry m<att*)r content. 







Averaf^o differ‘'nct‘, })erceiit.-uiiit8 

1-0.77 

- 0.01 

1 -0.43 

^ 0.50 

1 0.76 

-0.48 

S. D. of the average » 

0.32 

0.33 

0.29 

0.46 

0.60 

0.57 

i-value. 

2.41 

0.03 

1.48 

1.09 

1.27 

0.84 

In the dry matter: 

Protein. 







Average difference, pereont.-units 

-0.67 

- 0.26 

1 0.55 

-0.43 

-1.01 

-0.15 

S. I). of the average » 

0.35 

0.45 

0.41 

0.38 

0.46 

0.68 

/rvaluo. 

1.91 

0.58 

1.34 

1.13 

2.20 

0.22 

Ether extract i- N-free extract. 







Average difforenee, poreont.-umts 

-1-5.80 

+3.46 

4 1.35 

14.01 

4 4.10 

+ 3.15 

S. D. of ihti average » 

1.11 

0.80 

0.92 

0.95 

1.08 

1.30 

A-value. 

5.23 

4.33 

1.47 

4.22 

3.80 

2.42 

Crude fiber. 







Average difforonee, pi^reent.-units 

-3.23 

-1.81 

-1.33 

-2.63 

- 2.51 

-2.10 

S. D. of the average >> 

0.76 

0.49 

0.62 

0.68 

0.78 

0.87 

t-v&hio . 

4.25 

3.69 

2.15 

3.87 

3.22 

2.76 

Ash. 







Average differenee, perec^nt.-umtrt 

-1.90 

-1.39 

-0.57 

-0.96 

-0.57 

-0.6(> 

S. D. of t ho average 

0.,36 

0.22 

0.15 

0.27 

0.41 

0.42 

/-value. 

5.28 

6.32 

3.80 

3.56 

1.39 

1.43 

Carotin. 







Average differ., ing/kg dry matter 

1-68 

+25 

f25 

i 27 

+ 18 

+ 43 

S. D. of the average » » » 

23 

14 

9 

18 

11 

14 

/-vallie. 

1 2.96 

1.79 

2.78 

1.50 

1.64 

3.07 


/-v^alues at P of 0.05 and 0.01. see Table 2. 
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the other three silages. All the differences, however, were insigni- 
ficant. The content of protein in the dry matter of the silages was, 
with the exeeption of the molasses silages, higher than that of the 
green crops, but also in this case the differences were insignifi(*ant. 
The content of ether extract + nitrogen-free extract showed in all 
the silages lower percentages than in the green crops. Some of 
these differences were significant. The content of crude fiber in the 
dry matter increased during the ensiling process. The ash content. 


Table 6. Differences Between the Chemical C omposition of the Sila¬ 
ges with no Freservative and Those with Freservatires Added» 



Differeiieo'^ hetween the 
prcHervatJVfiH and tlios 

flile^ witliout 
» with added 


Al V- 
solntion 

Älolaii- 

H<»S 

Butter- j Buttei- 
milk, small milk. great 
amoimt ainouiit 

Dried 

whey 

Nuinbor of difforeri<‘es. 

7 

0 


7 

4 

Dnj matter. 






Avt^rage differtJiicc, peroent.-unita 

-0.79 

-1.43 

0.27 

-0.04 

-1.48 

S. T), of the average » 

0.34 

0.27 

0.37 

0.49 

0.55 

/-vallie. 

2.32 

5.30 

0.73 

0.08 

2.09 

In the drif matter: 

Protein. 






Averagc differoiiee, pereent.-units 

^ 0.41 

< 1.47 

- 0.21 

-(t34 

1.00 

S, D. of the averagi' » 

0.41 

0.3I> 

0.40 

0.00 

0.77 

/-valui'. 

1.00 

4.08 

0.53 

0.52 

1.30 

Ethel cxtraet ‘ N-iree extract. 






Average differenco, perrent.-units 

-2.34 

-4.90 

-1.79 

- 1.70 

4.05 

S. J>. ol the a\(*rago » 

0.87 

0.00 

0.40 

0.87 

1.00 

/-value. 

2.09 

7.42 

3.89 

1.95 

2.53 

(Vnde fiber. 

i 





Average differenije, pereent.-uiiitH 

r 1.41 1 

2.10 

' 0.00 

i 0.71 

' 1.90 

*S. D. of the a%'erage )> 

0.49 

0.50 

0.28 

0.32 

0.44 

/-value. 

2.88 

3.75 

2.14 

2.22 

4.32 

Ash. 






Average difference, pereeiit.-units 

1 0.51 

‘ 1.33 

H 0.97 

1 1.33 

t 1.15 

S. i), of the average ►> 

0.33 

0.4S 

0.41 

0.55 

0.98 

/‘Value. i 

1.55 

2.77 

2.37 

2.42 

1.17 

Carotin. \ 






Average differ., rng/kg dry iriatter | 

-42 

-47 

-42 

1 -51 

-51 

S. i), of the average » » 

14 

27 

17 

1 22 

34 

/-value. 

3.00 

1.74 

! 2.47 

2.32 

1.50 


/*values at P of 0.05 and 0.01. soe Table 2. 
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too, was hi^^her in the silades than in ilie ^?reen crops. Some of these 
differences wero significant. The carotin content of the dry matter 
was in all the 8ilag(*8 lower than in the green erops, though the dif- 
ference8 were insignifieant. In relation to the green (*rop8 the 
inolasses silages jiroved the inost favourahle eoniposition, next 
followed by the dried whey silages. 

In Table 6 are given the differences between the Chemical om¬ 
position of tlie silages with no addition and those with added pre- 
servativcs. 

From the table it seems that the molasses silages had signifi- 
cantly higher cont-ents of dry matter and ether extra(*.t + nitrogen- 
free extract, and significantly lower (‘-ontents of protein than. the 
silages with no addition, as the <-values exceeded the 1 % level. 
Further, the erude fiber contents were lower than those of the 
silages with no addition, bnt in this (‘.ase the diff(‘renc('8 coiild not 
be considored wholly signifi(5ant, as the /.-values were between the 
5 % and the 1 % lev(d. The silages with added ATV-soliition, biitter- 
milk, and dried whey deviated as to th(‘ir Chemical eoniposition 
in the same direction as the molasses silages from those with no 
addition, though the differem^es (‘.ould not be considered fully 
significant, as only one of the t-valiies exc^eeded th(‘ 1 % hn^el. In 
this comparison the molasses silages proved the most favourable 
deviation in Chemical (jomposition from the silages with no presc^r- 
vative. The dried whey silages, however, showed practically the 
same deviation in eoniposition as the molasses silages, biit as the 
nurnber of cornparisons in this ease was low(‘r than that of the 
molasses silages, the differences were not fully signifi(*,ant. 


The Quality of the Silagcs. 

The pH-value and the content of llgN-nitrogen in the total 
nitrogen and of orgaiiic. a(*ids in the dry matter of the silages with 
no preservativ(‘. are given in Table 7. 

Table 7. plJ-value and Content of in the Total-N, and of 

Organie Acids in the Dry Matter of the Silages with no Freservntive, 


Exponinentiil number 


1 

1 

11 

j Tll i 

iv 

V 

VI 

vu 1 

pH-valuo.1 

4.4 

1 

5.2 

3.7 

4.3 

5.4 

4.9 

4.3 i 

HaN-N 111 the total N, % . . i 

12.5 

23.5 

!».0 

0.4 

22.0 

15.0 

10.2 i 

Laotic acid in the dry mattor, % ! 

10.4 

0.4 

10.8 

8.5 

3.3 

4.3 

9.9 1 

Acotic » » » » » » 1 

5.2 

10.0 

2.9 

3.2 

7.7 

6.0 

4.3 i 

Butyric » » » » » » i 

1.7 1 

i 2.7 

0.0 

0.0 

4.5 

3.3 

0.0 1 
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This table shows, that the pH-value of the silages with no addi¬ 
tion was lowest from root tops and pasture, and highest from clo- 
ver and alfalfa. The low quality of the two legurne silages was veri- 
fied by the HaN-nitrogen in total nitrogen, and by the contents 
of organic aeids. When the pH-valiie was higli, there was also 
a high eonient of JI 3 N-nitrogen in total nitrogen. The arnount of 
laetie aeid was highest at the lowest ])Jf-\aliie and vice versa. The 
contents of acotic acid and of butyric*, aeid showed a negative 
corr(*lation to the eontent of lactic acid. 

The differences betwe(‘n these percientages and those of tlie other 
kinds of silages are given in Table 8 , togethcT with the differeii(*es 
in ])II-value. 

Table 8 . IHfferenves Betwecn the Valuen of Table 7 and Those of 
the Bilages with Preservatives Added, 



Diffen‘iieos hetwcoii the kiIos witliont 
preservativcH and those witli added 


AlV. 

sohition 

MoJas- 

.S(*S 

Butter- 
milk, small 
amoinit 

Butter, 
inilk, grout 
umuunt 

Dried 

whey 

Nuniber of differcnees. 

7 

6 

7 

7 

4 

pH-val nc. 






Averapo differeiice, uriits. 

! 0.74 

-1 0.57 

^ 0.24 

1 0.11 

i 0.28 

S. f). of thf avorago »> . 

0.14 

0.16 

0.18 

0.19 

0.14 

/-value. 

.5,29 

3.56 

1.33 

0.58 

2.00 

HfiN-N iti the total-N. 






Average difference, percent.-units 

: 8.,51 

f 4.00 

+ 1.74 

- 2.33 

1 1.58 

8. D. of th<* average »> 

1.7G 

1.32 

1.38 

1.10 

0.24 

i-value . 

4.84 

3.03 

1.26 

2.12 

6.58 

Ja the dnj taaUer. 

Tjuctic acid. 






Average difference, percent.-units 

O.GG 

5.07 

2.21 

-2.00 

- 4.43 

S. D. of the average »> 

1 :u 

0.98 

1 01 

1.00 

1.38 

<-value. 

0.49 

5.17 

2.19 

2.00 

3.21 

Aeetic aeid. 






Average difference, percent.-nnits 

^ 3.19 

I 2.32 

1 0.83 

> J.Ol 

F 0.33 

S. D. of tho average » 

0.23 

0.23 

0.24 

0.22 

0.57 

^valne. 

13.87 

10.09 

3.46 

4.59 

0.58 

Butjjric acid. 






Average difference, percent.-units 

1 1.40 

4 1.38 

1 0.67 

1 0.90 

h 1.15 

S. D. of the average » 

0.52 

0.58 

0.67 

0.47 

0.74 

vallie. 

2.69 

2.38 

1.00 

1.91 

1.55 


f-valucs at P of 0.05 and 0.01, see Tablo 2. 
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From Table 8 it is seen that the pH-values of the silages with 
preservatives added were on an average lower than those of the 
silages with no preservative. The difference was greatest and fully 
significant for the AlV-silages. Next came the molasses silages, the 
deerease in pH-value of which could be considered nearly signifi¬ 
cant. The content of IlgN-nitrogen in total nitrogen was decreased 
by the preservatives, the deerease being significant for the AIV- 
silages and the dried whey silages. The content of lactic acid was 
higher in the silages with added preservatives than in those with 
no addition. The inerease was greatest and fully significant in 
the molasses silages. Also in the dried whey silages the inerease 
was great but not fully significant. The eontents of acetie acid 
and butyrie. acid were lowest in the silages having added preserva¬ 
tives. As to the acetic acid the deerease was highly significant 
in the A TV- and the molasses silages. 

Tlie content of IT 3 ^^-nitrogen in total nitrogen was lowest in the 
ATV-silage, but the vallie of this eircum8tan(‘e may be diseussed, 
as the ruininants are able to utilize nonx)rotein nitrogenous coni- 
pounds (Axelsson 1942, Hamtlton et al. 1948, and Brigos et al. 
1948). 

In exjieriment V the alfalfa silage with no addition was of a very 
l)oor quality, as Table 7 shows. This was also the case with the 
buttermilk silages. The molasses silage and the dried whey silagi» 
were of a i)oor quality, too, in this experiment, and therefore the 
added amounts of this preservatives ought to have been greater. 
This being the ('ase, an in<*.reased lactic add fernientation might 
have been ex^iected in agreement with the results by Hi^schmamn 
and Bartram (1941). Bspecially with regard to dried whey the 
added amount was too low. 

Thus, the additions of AlV-solution and molasses gave silages of 
a liigher quality than those without addition. The influeiic.e of the 
addition of buttermilk on the quality of the silages was very small. 
The influence was inost evident in crops, ('asily ensiled, in which 
case at least the small amount was of some value. The whey powder 
ought> to have been added in a greater amount. If this had been 
the (*>ase, the quality of the whey silages would have been as liigh 
as that of the molasses silages. 


The Loss of Nutrients. 

The losses of dry matter and protein during the ensiling process 
wlien 110 iireservative was added are given in Table 9. 

As a great nurnbi^r of facjtors influeiujed the ensiling process, 
the percentage of losses varied greatly, as to dry matter between 
4.6 % and 25.2 %, and as to xirotein between 0.8 % and 28.1 %. 
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Table 9. Losses of Dry Matter and Protein in Silos without 
Preservatives. 




Lohé» 111 tho experiment no. 



^ i 

11 

III 

IV 

i v 

! VI 

VII 1 

Dry niatter, %. 

1 

25.2 1 

19.0 

10.9 

4.6 

■ 12.3 

12.9 

1 

25,2 1 

Protein. %. 

1 28.1 1 

! 19.2 

T..') 

0.8 

^ 7.3 

12.0 

15.5 1 


The great losses in experiment VII were caiified by the low dry niatter 
content. in the tops. (3n the other hand, in the pasture graas the 
loaaes were very low, as this erop is easy to ensile. The influen(^e 
of the dry niatter content of the green crop on the losses of nutri- 
(*nta known from earlier iuvestigations {Hellbeeg 1940, 1942 a 
and 1945) thiis appeared in the present experiments, too. This 
was the case witli the cliopping of the crop, also. 

The average differenc(*s in the losses of dry matt er and protein 
between tho silages with no preservative and the other silages are 
put in Table 10. 

This table shows tliat the differences in the losses of nutrients 
between the silages with no preservative and the other silages 
are in no casf^s significant. As the effluent from inolasses silages 
has a high nutritive valiie it can be fed to the animals. The loss 
of dry matter in the effluent from Ihese silages amounted to 5.4 %, 


Tabh* 10. Differe^icrs BeUreen the Percentages oj the Losses of Dry 
Mätter and Protein in Silages icithout and with Preservatives. 



J)ilti*roiice hetween the losses Irom tli( 
with iio preserN ati\e ond those \vi(h 

' silos 
tulded 

.UV- 

Hohition 

. j Butter- j Butter- 

nulU, Hmalliinilk, ^reat 
amount | amount 

Dned 

whey 

Nuiiiber of differences. 



7 

7 

4 

Dry matfer. 






Averago differenee, pereent.-iinits 

1 4.51 

i 0.82 

+ 3.33 

1 1.21 

0.35 

8. D. of the averago » 

2.01 

2.00 

1.57 

1.88 

2.00 

^•vnlue. 

2.24 

0.41 

2.12 

0.64 

0.18 

Protein. 

j 





Averago differenee, percent.-units 

1 4.09 

1.43 

1 1.57 

i 

o 

o 

1 2.80 

8. D. of the averago » 

2.00 

2.68 

2.30 

3.69 

1 3.54 

vallie. 

2.05 

0.53 

0.(>8 

O.Il 

1 0.79 1 


/-valuea at P of 0.0.') and 0.01, kch,* Table 2. 
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80 the average difference in loss of dry matter between the silages 
with no addition and the molasses silages would be 6.2 % in favour 
of the latter, with a ^vallle of 2.55. 

Only eoncerning dry matter and protein are the losses given 
in the table. As to the ether extraet 1 nitrogen-free extract the 
loss was positively correlated with the loss of dry matter. The eorre- 
lation eoeffiei(‘nt amoiinted to 0.84 and was highly signifieant, as 
the t-valiie was 9.40, and that of the 1 % level at 36 degrees of 
freedom 2.72. The regression of the pereentage loss of ether extract -f- 
nitrogtni-free extract-, y, on the pereentage loss of dry matter, x, 
showed the following eqnation. 

y = 7.28 + 1.08 

As to crude fiber no data have been given since the loss was 
very irregular. In some cases the loss was negative and in some 
cases positive. Tn other experiments the case has been the same 
(Hellberg 1945, and Jarl 1948). Axelsson (1944) obtaiiKMi an 
inerease in the amount of c,rude fiber during the ensiling pro(*-ess 
when molasses was added, and a decrease when AlV-solution was 
iised. 

The loss of ash haa not been given, as it is of a slight importance. 

The loss of carotin showed a greater variation than the loss of 
dry mattor and of ether extract + nitrogen-free extract. Ilowever, 
a signifieant correlation oc.(*urred between the losaes of dry matt(*r 
and carotin, the coefficient being i 0.69 and the corresponding 
15-valiie 5.69, which was greater than that of the 1 % level. On a.n 
average the loss of carotin in all the experini(*nt8 amounted to 20 %. 


Diseussion on the Results. 

When estimating the effeet of the preservatives compared in 
the present experiments, we nmst take their irifluence on the qua- 
lity of the silage as well as on the losses of nutrients into (a)nsidera- 
tion. The results of ensiling without preservatives agree with those 
of (^arlier experiments, as the silages were of a good quality and the 
losses normal when the crops were easy to ensile, as was the case 
with chopped beet tops and pasture grass. On the other hand the 
legumes gave a poor resiilt when ensiled without jneservalives. 

To show the most important results of the experiments th(* ave- 
rages of the silos without preservatives are given in Table 11, to- 
gether with the differences between these averages and those of the 
silos with added preservatives. 

According to this table, adding preservatives inereased in all 
(*.ases the amount of effluent. The inerease was greatest for the 
AlV-solution and smallest for the small amount of buttermilk. The 
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Table 11. The most Important Charaeters of the Silages with no 
Addition and Those tvith Freservatives Added. 


Avorapre 



siloB 
with no 
adilitiuii 

AfV- 

Bolu- 

tion 

M olaB> 

BOB 

Buttor- 

niilk, 

small 

amount 

Buttor- 

milk, 

great 

amount 

Dried 

whey 

Number of differencos. 


7 

6 

7 

7 

4 

Percoiitage amount of effluent . . 

8.7 

-7.8 

-2.9 

-0.3 

-4.2 

- 2.5 

Dry matter of the silage, % . . .. 

15.9 

-0.8 

-1.4 

0.3 

0.0 

- 1.5 

In tho dry matter: 







Ether extraet 4 N -froo oxtract, % 

40.1 

- 2.3 

-4.9 

1.8 

- 1.7 

-4.1 

(^rude fiber, %. 

19.3 

r 1.4 

i 2.1 

+ 0.6 

f 0.7 

11.9: 

Lactic aoid, ». 

7.7 

-0.7 

5.1 

2.2 

-2.0 

-4.4, 

Acotic » ». 

5.7 

h 3.2 

4 2.3 

4 0.8 

+ 1.0 

+ 0.3 ! 

Butyruj » ». 

1.7 

1 1.4 

i 1.4 

i 0.7 

1 0.9 

1 ]^2 ' 

pB -value. 

4.B 

-^0.7 

-1 0.0 

4 0.2 

+ 0.1 

+ 0.3 i 

Loss of dry matter, %. 

15.7 

1 4.5 

-1 0.8 

1 3.3 

f 1.2 

0.4 ! 

» » protein, %. 

12.9 

1 4.1 

- 1.4 

1 1.6 

0.4 

2.8 ! 


Difforeiices botweon thc ailoH without 
preservative» and thosf^ with adde^d 


dry mattor oontent of tho silagos was inoroasod by tlio pros(‘,rvatives, 
tho incroaso boing groatest for molassos and dried whey. The adding 
of ])res(*rvative8 iu(*.rea8ed the oontent of ether oxtract f nitrogcni- 
froe extra(*.f, and de(*reasod the orudti fiber oontent of the silagos. 
Also in this o.ase tho o.liange was in favonr of tho niolassos and the 
dried wliey. The influenoe of the preservatives on the o-ontont of 
organi(i acids a-lso went in a desirable diro(‘tioii, as tho la(‘tio. aoid 
oontent inoreasod and the oont en ts of aoetio aoid and butyric aoid 
decroasod. The adding of AlV-soliition, molassos, and dried whey 
gavo the best rosnits in this respeot. The AlV-solution (*aused tlu* 
low^ost pH-valno, noxt followed by the inolasses. Also for the other 
preservatives a small deorease ooourred. The loss of dry mattor 
was lo West on adding AlV-solntion. Ilowe-ver, if the effluent had 
been inoliided in the molassos silages the decjrease in loss of dry 
mattior for this preservative in relation to no addition would have 
been 6.2 %. This faot implies that, on an average, tho amonnt of 
dry matter in the silage per 100 kg of dry matter in the onsiled orojis 
would have been 88.8 kg wheii AlV-solution was added, but aboiit 
104.0 kg when molassos were added. The dried whey gave a little 
higher loss of dry matter than no preservative. The AlV-soliition 
gave the smallest loss of protein, next followed by the small amount 
of buttermilk. The other three jireservatives gave a higher loss of 
protein than no addition. 
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The AlV-method thus gave results agreeing with those in earlier 
investigations. The same was the case with the molasses, though 
the amonnt onght to have boen inereased to 3—4 % when the 
protein-rich leguines were enslled. The effect of the buttermilk 
was problomatical. As to crops easily ensiled, the small amount 
(2 litros per 100 kg of groen crop) gave a good result. The greater 
amount in(?reased the amount of effluent and cannot be reeommen- 
ded in praetice. Dried whey seems to behave like inolasses. In 
eonsequenee of the higher eontents of dry matter and nitrogen- 
free extrac^t of the whey a smaller amount than that of molasses 
can be iised. However, it rnay be that as gn^at an amount of dry 
mattor in dried whey as in molasses must be ad ded if the effect is 
to b(^ th(^ same. This problem is to be treated in other experiments. 

Tf the influence of the molasses on the Chemical c.omposition and 
the pahitability of the silage is taken into account, this ])reservativH‘. 
is to be preferred to the ATV-solution. Also from an economical 
point of view^ this may be the case. The dried whey, liowever, does 
not seeni to be effective enough to pay th(‘ liigh (^osts of drying. 


Summary. 

In the present paper the results are given from a com])arison 
between ensiling of green croj)s of pastiire grass, clover, alfalfa, and 
beet tops with or without adding AlV-solution, molasses, butler- 
rnilk, and dried wliey. In 7 series a total of 38 experiments were 
c-arried out. 

Adding molasses proved to influence the ensiling process iii the 
most favourable mariner. Thus, the molasses silage show^ed the 
highest eontents of ether extraet and JSI-free extraet, and the low^^st 
eontent s of (*rude fiber and ash. The ])I!-value, however, was lowest 
in tlie AlY-silage. When the effluent- from the molasses silos was 
ineluded in the silage the losses were lowest after adding molasses. 
Adding dried whey gave nearly as good result as adding molasses. 
Esi)ecially when leguines rich in protein are ensiled, the amoimts 
of both molasses and dried whey may be iruTcased above those used 
in the present experiments. 

Further, a small amount of buttermilk gave a better result than 
a great amount, as it resulted in a smaller amount of effluent. 
However, more expt^rimemts are to be carried out before the effect 
of the buttermilk can be estimated. Ensiling green crops without 
preservatives may be n^commended only if the protein content- 
is low, or the dry matter (*ontent rcdatively high. Wilting as well 
as chopping the crop decreased the losses in the ensiling process 
and improved the quality of the silage. 



Ensiling Green Orops 


529 


Literature. 

Axelsson, J., 1942. Urinämnets värde och anvandbarhet för husdjurens 
näring. Kungl. Lantbruksakadis Tidskr. 81, 159—173. 

-, 1944. Vallfodrets förändring vid torkning och ensilering. Svenska 

Vall* och Mfxsskulturforen. Kvartalsskrift 6, 285—294. 

- , 1947. Förtorkningen av vallfodret vid ensileringon i USA. Lant* 
mannen 31, 925—926. 

Axelsson, .1., and Kivimae, A., 1948. The influenco of somo mineral 
salts ou the metabolism of ruminaiits. Lantbrukshögskolans An¬ 
naler 16, 101 113. 

Hkigos, H. M., Callup, W. L)., Heller, V. (J., and Daklow, A. E., 1948. 
Uroa as an extender of protein wheu fod tf) lambs. J. Animal Science 
7, 35 -40. 

Brouwep, E., 1937. tUror die Ensilierung unten* Zusatz von Molkereiab- 
follprodukten iirid uher die Korrelation zwisclien pH, Ammoniak* 
zahl, Hiittersiiumgehalt und (»eriich bei Grassilagen. Tierernahrung 
9, 508 -524. 

Dltkstha, N. 1)., 1948. Silage-rnaking in the Nolherlands. Empiro J. 
Expt. Agne. 16, 231 236. 

Eriksson, S., 1947. Ensileringsförsök mod klovor och rolfruktsblast. Kungl. 
Lantbruksaluuhs Tidskr. 86, 228- 244. 

Hamilton, S., Kobinson, W., and .Iohnson, C\, 1948. Fnrther compan- 
sons of tho ufcdization of nitrogen of urea with t hat of some feed 
proteins by sheop. J. Animal Science 7, 26—34. 

Hf:lt.ber(L a., 1940. Forsok med ensilering av fodernmrgkål. Kungl. 
kantbriiksakadrs Tidskr. 79, 261—269. 

, 1942 a. Versuche init Ensilierung von ^larkstanimkohl. Tieror- 
nahriing 14, 101 111. 

, 1942 b. Vergleichende Versuche mit \ crscluedenen Meddioden zur 
Einsauerung des VVoidcfutters, insbesondere in Kiiiblick auf di(’ 
\’orwendbarkeit von Melasso als Zusatzmittol. Tierernahrung 14, 
375 -416. 

, 1945. P^osforsyrans varde som tillsatsmedel samt inflytande av 
temperaturen och gronmassans torrsubstanshalt vid ensilering av 
vallfodor. Kungl. Lantbruksakad:s Tidskr. 84, 139—179. 

.Jari., F., 1948. Phisilonngsforsok och utfodringsforsok med ensilage. I. 
Husdjursforsoksanstalten. Medd. 32. Uppsala. 

.Iarf., F., och HELTiEDAV, T., 1945. Vasslens sammaiisattning, näringsvärde 
och anvandliarhet. Kungl. Lantbruksakad:s Tidskr. 84, 106 -126. 

Olsson, N., Kthlén, G., och Köhler, G., 1948, Undersökningar över karo- 
tinets hållbarhet i morotter och gronfodor vid konservering och 
lagring. Husdjursförsöksanstalloiu Medd. 34. ITppsala. 

Ruschmann, g., 1939. Die Wissenschaftlichen Grundlagen der Garfutter- 
bereitung. Laadw. ilahrb. 88, 135—295. 



530 


Joel Axelsson and Stur© Eriksson 


Ruschmann, g., 1940. Natiirlich© Gärfutterbereitung durch ©in neues 
biologisches Verfahren. Z. f. Tierernährung u. Futtermittelk. 3, 
263—275. 

Rxjschmann, g., und Bahtram, H., 1941. Die Einsäiierung jungen, eiweiss- 
reichen Grunfutters mit Trockenmolke. Zentralblatt fiir Bakterio- 
logie, Parasiterikund© und Infektionskrankheiten. TT. Abt. 103, 
193—224. 

Snbdecor, G. W., 1946. Statistical Methods. 4th Edition. The lowa Stat© 
College Press. Ames, Towa. 


MS. received March 14th, 1J)49. 
Printed July 30th, 1949. 



THE ANNALS OF THE EOYAL AORICULTURAL COLLEGE OF SWEDEN 

Vol. 16. 


The Determination of Cobalt and Copper in 
Botanical Material. 

By PER EKMAN and KARIN LUNDELL. 

From the Chemical Ivstitute. 


Introduction. 

It is apparent from published information con(*erning methods 
for tho miero-analysia of (?obalt that the spoctrofyraphical method 
— iiaed after the concentratinf: process developed by Mitchell 
(1946 & 1947) and ScOTT & Mitohell (1943) — allows of the deter- 
inination of cobalt in concentrations as low as abont 0.1 milligram 
per kilogram: at lower concentrations the results become rather 
un(*.ertain. One ought to bc able to aehieve greater sensitivi ty and 
certainty with some of the methods which are based on the for¬ 
mation of comiilex coloured compoiinds with certain organit^ rea- 
gents. Ainong such reagenta, nitroso-Ii-salt and nitrosocresol appeared 
most reliable, partly because they gave uniform results in c.ompa- 
ratiA^e investigations carried out by Ellis & Thompson (1945), 
who suggested and developed a method of cobalt analysis with the 
lattc^r reagent. 

The use of niiroso-E-salt (the sodium salt of l-nitroso- 2-naphthol- 
3, 6-disulfonic acid) as a cobalt reagent was suggested by v. Klooster 
in 1921. It has since been used by several investigators who have 
improved the method — among thein may be mentioned Stare & 
ELVEH.TEM (1933), Kioson & ASKEW (1936 & 1940), Mc!N^AUGHT 
(1937, 1938, 1940, & 1942), and in particular Marston & Dewey 
(1940). They have at the same time adapted the method with 
special regard to interference from other elements. Widespread 
experience has Iherefore been gained of the use of nitroso-K-salt, 
and aecording to this it is an extremely speeific and reliable cobalt 
reagent, even for quantities below one microgram. Nitroso-E-salt 
also has the advantages — compared with nitrosocresol — that 
the (iommercial reagent is of good quality and ready for use when 
purchased, and that it is stable both in the solid form and in aqueous 
solution. 

34—48100 Kunyl, Lantbrukshögakolans Annaler. Vol. 10 
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For determining the copper and cobalt contents of samples of 
hay, wc needed a method of analysis which was sufficiently accurate 
down to concciitrations of 0.02 per and at the same time 
was suitable for routine work. As far as the copper analysis was 
concerned, we had the advantage of experience from thousands of 
analyses carried ont over many years (Lijtsbblad, Svanberg & 
Ekman 1949). In order to combine the copper analysis with a 
suitable method for determining cobalt, we carried ont — in con- 
jiuiction with a study of available literature — a series of special 
investij^ations and tests of details. These led to the establishment 
of the following analytical process, the latter part of which adheres 
in principle — thou^h with some important modifications — to 
Marston & r)EWEv’s method for cobalt analysis. 


The Analytical Method. 

Prepariniif and Dissolvinfil the Sample. 

10.0 g of the air-dry sample (in the case of peat, 5.0 or 2.0 ^ is 
sufficient) are wei^^hed into a. platiniim dish and thorou^jfhly moiste- 
ned with 5 to 10 millimoles of sulphuric add in about 30 inl water. 
To one or two parallel samples, 1.00 or 0.50 micro^^rams of cobalt 
are added in aqueous solution. The sample is dried for 16 honrs 
at 98° C and theii ashed in an eleetric furnace at approximately 
550° 0. The sulphate ash is then wei^hed and moistened with 
3 ml 5 M sulphuric acid. 4 to 5 ml of 40 hydrofluoric acid are 
then added, af ter which the mixture is lieated on a steam batli 
for at least Wo hours, being stirred now and then with a platinum 
wire. Af ter addition of barely 1 ml of 70 % perchloric acid, the 
mixture is heated inoderately for 5 minutes oii an eleetric liot- 
plate to drive off the rest of the hydrofluoric acid. A wat(*hglass 
is then placed over the dish and warming is continu(*d until all 
remaining organic matter has bcen oxidized and disappears. After 
(a)oling, the mixture is diluted with about 10 ml water and warmed 
on a st(‘ain bath. 20 to 30 ml of 2 M ammonium citrate are added 
until the ash is completely dissolved. The solution is then neutra- 
lized to a i)II of about 8 — but not above 8.5 — (1 mg of phenol- 
phthalein used as an iniernal indic.ator begins to turn a pale pink) 
by careful addition of ammonia (about 6 M) with constant stir¬ 
ring. 


Separation and Copper Analysis. 

5 ml of 0.2 % sodium diethyl-dithiocarbamate are added wliile 
stirring, then the solution is washed over to a separatory funnel, 
the total volume being made up to 60 ml. The solution is then 
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sliaken vigorously for 2 or 3 minutes with 10.0 ml of earbon tetra- 
(ihloride. After runnin^f off the extract, a further f 0.0 ml of earbon 
tetrachloride are added and the shakinjyr repeated. The two earbon 
tetrachloride extraets are transferred to another separatory funnel 
and shaken up with 20 ml of O.ö molar, copper-free ammonia 
to remove any traees of iron. The earbon tetrachloride extract is 
then run off through a »rapid» filter paper (e. g. MunktelFs OOR) 
into a small bottle with a glass stopper. Copper is determined by 
measiirement of the degree of extinetion, iising an absorption cell 
not deeper than 10 mm and light with a wavelength of 440 mpi. 
The absorbtion is also measured ac 366 m(jL in order to check IIh». 
purity of th(^ copper colour and establish if any of the possible 
impnrities — iron in i^articular — are present. 


Determination of Cobalt after the Copper Analysis. 

15 ml of the earbon tetrachloride extracl is then transferred to 
a weighed 50 ml tall beaker of high qnality glass and the 0(714 
tilled off, after which is added an oxidation mixture consisting 
of 0.4 ml of i)erchloric acid, 0.2 ml of sulphuric acid, and 0.2 ml 
of nitric, add. The mixture is then digested in an electric, furnace 
at a tempcTature not higher than 300'' (\ For the firsi half hour 
the beaker is kept (U)vered with an inverted glass »pear», which 
is then removed so that (»ven the sulphuric acid is coinpletely driven 
off, leaving only neutral sulphates of copper, cobalt, etc^. beliind. 
The beaker is covered wil-h a clean wat(^h glass and the salts are 
dissolved in 3.0 ml of 0.01 molar citric acid by heating for 15 niinu- 
tes ofi a steam bath, and are then buffered to a pil of about 4.7 
witli 0.1 miilimoles of H^BOg and 0.2 m.moles of Na 2 Hr 04 . After 
eooling, 1 inl of 0.2 % nitroso-R-salt is added while shaking gently. 
The solution is then neutralized to a pH not. greater than 7.9 with 
3.0 ml of 0.12 N NaOH; coloured indicators must not be used, as 
they would interfere with the final analysis. To ensure that all 
(a)balt reaets quantitatively with the nitroso-R-salt, the solution 
is boiled over a bunsen burner for 1 minute. 0.8 ml of com^entrated 
nitric acid is then added with gentle shaking, after whi(4i the. solu¬ 
tion is warrned for 10 minutes 011 a steam bath, so that. all the colou¬ 
red nietal (*ompl(*xes exenpt the orange-red cobalt salt are broken 
down to c.olourless compounds. The next operation is the addi¬ 
tion of 1 ml of 0.2 N bromine water (0.28 ml ~ 0.8 g pure bromine 
dissolved in 50 ml of water) which — without attacking the cobalt 
compouiid — brominates the excess of nitroso-H-salt to a colour- 
less compound. The beaker is then covered with a watchglass and 
the solution warrned on a steam bath for 15 minutes, after which 
the watchglass is removed and warming (*.ontinued for at least 15 
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minutes with repeated gentle shaking, during which time the soln- 
tion is conccntrated to 4—5 ml and the excess of bromine is driven 
off. After cooling, the solntion is dilnted to a net weight of 5.30 g 
(= 5.00 ml) by addition of a few drops of water from a pipette. 
Cobalt is determined by measurement of the degree of extinction, 
using an absorption cell at least 10 mm deep and light with wave- 
lengths of 480 and 414 mfx. At the low percentages in question 
the extinction is directly proportional to the concentration. 


Discussion and Method Testing. 

Preliminary Combustion of the Sample. 

The cobalt content of hay nsually lies between 0.02 and 0.2 parts 
per million (mg i)er kg). In those samples which are of partieular 
physiological interest, the cobalt content often api)roaches the 
lower limit mentioned. In order to be certain of having at least 
0.2 microgram of cobalt in a sample for analysis, therefore, about 
10 grams of dry sample are required. For analysis of mineral eon- 
stitiients in general and for determination of trace elements in 
partieular, wet oxidation with nitri(; acid and p(»rehlorie aeid has 
many advantages over dry ashing, partly bec^ause the sorption of 
metal cations by silicic acid is considerably less. In the oxidation 
of large quantities of organic*. matter, however, there are certain 
disadvantages, in partieular the large amount of reagent which is 
required: thus for 10 g of organic inatter, over 100 g of concentra- 
ted acid are required. In such cases, therefore, wet (»ombustion 
would be rather expensive and would inerease the possibility of 
contamination and high blank values, partieularly in mieroanalysis. 

it is therefore obvious that, when determining the extremely 
low contents of cobalt in question here, the dry ashing process is 
to be preferred, although it is then desirable to remove the silicic? 
acid with hydrofluoric acid so as to ensure that all metals come 
into solution. 

The method described here for the preliminary combustion of 
the sample and subsequent boiling of the ash with a little perchloric 
acid is easier, quicker, and more efficient than the method — often 
resorted to with ordinary dry ashing — of repeated concentra- 
tions with nitric acid or a solution of a nitrate. When judging 
the weight of ash, it must be borne in mind that sulphate ash weighs 
more than the corresponding carbonate but less than the nitrate 
ash. The direct treatment of the ash with hydrofluoric acid which 
is applied here is also easier than the custornary separation of sili¬ 
cic acid by filtering and washing. 

The addition of sulphuric acid to the original sample has several 
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advantages in the analysis. It reduces the risk of losing volatile 
cobalt compounds during the ashing of samples rich in chlorides 
(McNaught, 1938), and gives rise to sulphate ash in stead of the 
usual carbonate ash. Wlien carbonate ash is to be dissol ved in acid, 
it is quite possible that the resultant formation of carbon dioxide 
<*.an lead to loss of material through splashing or misting. This 
inconvenience is not inherent to the sulphate ash, which also has 
the advantage of being almost neutral, which is often useful to 
know when calculating the addition of reagents for the continua- 
tion of the analysis. 

Extraction of Copper and Cobalt. 

By shaking with sodium diethyl-dithioearbamate, the copper 
and cobalt are transferred from the citrate solution to the carbon 
tetrachloride i)hase. Sonie other metals also go over partly or 
wholly, but these do not usually interfere with the subsequent 
analyses. Iron, however, is an exception and, although only a small 
quantity goes over to the extract, this must nevertheless be rernoved 
by speciial treatment. 

By reason of its very high distribution ratio (»partition coeffi- 
cient») in tho system under discussion, the copper is transferred 
almost quantitatively with the first shaking. We could not, howevw, 
support Ellis & Thompson^s assuniption that the cobalt goes 
over to a similar extent. According to our investigations, 75 to 
80 % of tbe cobalt goes over from an approximately molar citrate 
solution (with a pII value betwcen 6 and 8) to the carbon tetra¬ 
chloride phase if the volume ratio bctween the Solutions is about 6. 
With two consccutive shakings, therefore, a total of 94 to 96 % of 
the cobalt in the sample is transferred to the carbon tetracliloride 
extract. 

When the pH value of the ammonium citrate had been raised 
to 9 by the addition of more ammonia, the exchange of cobalt 
in the first shaking dropped to barely 60 %, which indi(5ates reduced 
activity of the cnbalt ioiis in the aqueous phase, due probably to 
the formation of more stable amine complexes. When the ammo¬ 
nium (»itrate had been totally replaced by sodium citrate, no such 
drop in the exchange could be observed when the pH value was 
raised to 9. This advantage with sodium citrate is, however, coiin- 
teracted by disadvantages, among them being the greater difficulty 
in bringing tho ash into solution in the presence of this salt. 

The distribution ratio is also affected by other elements and 
factors — for example the citrate content and the temperature — 
which exert an influence on the activity in solution of the metal 
ions in question. The duration and intensity of shaking have no 
effect on the distribution ratio, but must influence the rate of reac- 
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tion. After about two rniiiutes’ vigorous shaking with about 300 
strokes, one usually reaches a distribution whicli lies in the vicinity 
of the theoretical equilibriuni corresponding to the partition coeffi- 
cient, provided that all the elements taking part in the reaction 
are present in solution. The effect of oontinued shaking of the 
same system is then negligible. 

It is therefore not necossary to carry out a carefully controlled 
mechanical shaking, a more individual manual shaking — provided 
that it is sufficicntly vigorous — giving very well-reproduceable 
exchange. But in both c-ases, a necessary eondition for obtaining 
comparable results is that the composition of both Solutions is 
tolerably alike in all analyses and, above all, that the proportions 
between their volumes are the same. 

By far the greater proportion of the iron remains in the aqueous 
phase, and the higher the pH value and citrate content are, the 
more effectively is it held there. Traces of irori, however, go over 
to the carbon tetrachloride phase, and (»omplete elimination of 
interfering iron colouration is necessary for both copper and eobalt 
determinations. By subsequent shaking with an approximately 
equal voluine of dilute amnionia, the (»arbon tetrachloride extract 
is quantitatively freed from iron (Nydahl, 1939). It is possible 
to check the purity of the, copper solution by measuring the degree 
of extinction not only at a wavelength of 440 mpi, wherc copper 
diethy 1-dithiocarbamate has its absorbtion maximum, but also 
at a wavelength of 366 nifji, where the extinction from the copper 
salt is inconsiderable but that from the corresponding (umiplexes 
of iron and eobalt is higher than at 440 in(x. If the extinction at 
366 mfx exceeds 1/3 of the value at 440 m[x, the degree of impurity 
is so great that it leads to a noticeable positive error in the copper 
determination. In sindi cases, the carbon tetrachloride extract 
should be given a further shaking with dilute ammonia. An unusu- 
ally high eobalt content — exceeding one fifth of the copper con¬ 
tent — leads to a similar error but, after cornpletion of the eobalt 
determination with nitroso-E-salt, the necessary correction of the 
extinction value from copper can be made with the help of the ex¬ 
tinction curves for the resjiec.tive diethyl-dithiocarbamate coin- 
pounds (see Fig. 1). 

The copper content of the carbon tetrachloride solution is in- 
fluenced to a scarcely noticeable extent by shaking with ammonia 
for the removal of iron. Bome of the eobalt, on the other hand, 
is extraeted to the aqueous phase on account of the somewhat less 
favourable distribution ratio: this loss of eobalt is scarcely 5 %. 
As the carbon tetrachloride solution before shaking with ammonia 
contained about 95 % of the eobalt in the sample, it will contain 
approximately 90 % of the eobalt originally present in the sample 
after it has received this treatment. 
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By shakin^i,' both the orij^inal saiiiide solution and tho aininoiiia- 
(ial solution anothcT couple of tim(*s with carbon tetrachloride, there 
is no difficulty in makin^? even tlie yield of e.obalt almost (juantita- 
tive, but for routine analyses, the percenta^e fi^jure of 90 % is 
usually sufficient. The analyti(‘al valu(*s obtained from tlie sub8(*- 
quent detoinination of (*obalt with nitroso-R-salt must naturally be 
eorrected with reference to the yield obtained from standard samples 
containin^ a known quantity of eobalt. It is luost (ionvenient to 
do this by usiii^’ empirie.ally established values for »appareiit speei- 
fie extiiKition» wlien ealculatiiif? the cubalt eoneentration from 
the dejjree of extimjtion. According to the working instructions 
given above we have found — as the average of about thirty ana- 
lyses of standard samples with 1 or 2 micrograms of eobalt — sueh 
an extinction value per cm of 0.47 ± 0.005 for 1 microgram per 
ml of eobalt as nitroso-K-salt at a wavelength of 414 nifx, and the 
value 0.23 + 0.003 at a wavelength of 480 iiifx, in stead of tlui 
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corresponding absolute extinction values, which lie about 10 % 
higher (see Pig. 2). 

When the same quantities of cobalt had been added to different 
samples of hay, precisely the same empirical extinction values 
were obtained as the average from about förty analyses, but the 
mean error was slightly higher and the standard deviation rose 
from 6 % to 10 %. The gi*eater variance is explained by the fact 
that the amount of ammonium citrate and the voluine during 
shaking had been varied somewhat in view of the varying ash 
contents of the different samples. In order to obtain well-repro- 
duceable analytical values, it is important that the work is carried 
out under similar (»onditions, particularly as regards the volume 
ratio during the extractions. 


Measurement of copper. 

Cobalt and nickel can give rise to a small positive error in the mea¬ 
surement of the degree of extinction by the golden-yellow copper 
diethyl-dithiocarbamate. This error is, however, quite insigmficant 
in botanical material, as the content of both these metals together 
is only a few hundredths of the copper content. In addition to this, 
the extinction by the carbamates of cobalt and ni(*,kel at a wave- 
length of 440 mjx is less than a fifth of that whicli is caused by the 
same weight of copper. The positive error in the (*>opper analysis 
which is caused by cobalt and nickel is therefore, in the vast 
majority of cases, under 1 %. 

It is apparent from the extinction curves for the diethyl-dithio¬ 
carbamate complexes of copper and cobalt (Fig. 1) that, wliereas 
the copper compound has its pronounced absorbtion maximum 
at a wavelength of just under 440 mfx with a specific extinction 
of 0.20, the same quantity by weight of cobalt shows only one 
sixth of this extinction at the same wavelength. The cobalt com- 
l)ound has a well-marked i)oint of maximum absorbtion in the 
near ultraviolet at a wavelength of 366 m(ji with a specific extinc¬ 
tion of 0.26: at this wavelength the copper compound has only the 
very insignificant extinction of about 0.01. In a solution where 
the contents of copper and cobalt are of ax)proximately the same 
degree of magnitude, therefore, there is a good chance of determining 
both quantitatively by measuring the absorbtion at the two eha- 
racteristic wavelengths of 440 and 366 m(x. 

Instead of using diethyl-dithiocarbamate for the separation of 
copper and cobalt from iron, etc., it is possible to use diphenyl- 
thiocarbazone (»dithizone») (Marston & Dewey, 1940), which 
offers the advantage that not even traces of iron go over to the 
organic solvent. The distribution ratio is, however, rnore unfavour- 
able even for copper and cobalt (Ellis & Thompson, 1945), so 
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that the shaking becomes more laborious. In addition to this, 
the copper analysis is not so convenient as with diethyl-dithio- 
carbamate. 


Concerning the Cobalt Analysis. 

According to earlier methods used by McNaught, Kidson & 
Askew, and others, the cobalt analysis is completed in a fairly 
concentrated chloride and nitrate solution of all the other mineral 
elements in the sample — with the one exception of iron, which is 
removed with ether. It must then be difficult to avoid a certain 
degree of interference from the high but varying salt content, and 
desirable concentration of the solution is prevented by salt precipi- 
tation. There is also the risk, even with careful dry ashing, that 
small quantitics of organic matter can remain in the final solution 
and give rise to slight extra colouring and consequent positive 
error in the cobalt analysis. Eeplacing the dry ashing process by 
one of wet oxidation with only nitric and sulphuric- acids does not 
give a (‘-omplete guarantee that this possible error from organic 
matter will be reduced. It is well known that the quantitative eom- 
bustion of organic> substances with only these acids is very diffi¬ 
cult (Ender & Tat^ ANGER, 1946). Even when the human eye judges 
an ash or a solution to be completely colourless, a sensitive optical 
instrument can often demonstratc extinetion within the range of 
the visible spectrum. 

These risks of error are avoided in the methods used by Marston 
& Dewey and Ellis <& Thompson, and also in that recommended 
here, by 8ej)arating the (*obalt — together with a minor propor¬ 
tion of the other mineral elements in the sample — from the niain 
bulk of the original ash and its possible tra(*.es of disturbing organic 
mattor by extraetion with carbou tetrachloride. In addition to 
this, the separated (iobalt fraetion is effectively freed from organic 
mattor which might interfere with the colour by oxidation wilh 
percbloric, acid and sulphuric acid. 

Nitroso-E-salt forms coloured complex compounds not only 
with cobalt but also with certain other metals. The cobalt com- 
pound is unique in that it is very stable, and will even withstand 
boiling with up to 4 N nitric acid, whereas all other metal com- 
plexes are rendered colourless by this treatment. This specific 
reaetion is made use of in all nitroso-K-salt methods for (iobalt 
analysis. 

Boiling of Solutions containing nitric acid is often accompanied 
by the risk of troublesome »bumping». For that reason the boilings 
after the addition of nitric acid which were prescribed in earlier 
methods have been replaced in the method described here by war- 
ming on a steam bath, as trials have shown that this treatment is 
sufficient to bring about de(»olourization. On the other liand, the 
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preceding formation of the cobalt nitioso-E-salt takes plaoe much 
too slowly through inerely warming on a steam bath, so boiling has 
been retained at this siage. But here — before the addition of 
nitrio acid — the teiidency of the solution to »bump» is very slight. 
Formation of the orange-red cobalt nitroso-K-salt is hindered by 
ammonium salts and proceeds raost rapidly in a nearly neutral 
solution (not above pH 8) coiitaining eitrate (Marston & Dewey, 
1940). In his first method deseriptions, McNaeght recommends 
a slightly alkaline solution containing aoetate, but has since (1942) 
altered this to a slightly acid solution. 

It is api)arent from the extinotion curve for cobalt nitroso-R-salt 
(Fig. 2) that it has a strong maximum at a wavelength of 414 mjx, 
where the specific extinotion is as high as about 0.5. Here, how- 
ever, the excess of reagent from the nitric acid treatment has such 
a oonsiderable, absorbtion that the blind values become very high 
and the analysis will therefore be uncertain. Jt is not un til the 
wavelength approaches 500 inpi that the colour of the reagent be- 
comes sufficiently light to allow of oertaiii analyses, but here the 
specific extinction of the cobalt compound has (unfortunately) 
also dropped — to barely half of its maximum value at a wavelength 
of 414 nifx. 

The decolourization of the reagent by broinine treatment which 
was introduced by Marston & Dewey (1940) irnplies a substantial 
improvement for redueing the absorbtion in the blank determina- 
tion. Ås a result of this, greater certainty is attained in those ana¬ 
lyses which are completed by ineasurement of the absorbtion at a 
wavelength of about 500 m^x, where the extinction per cm by 0.4 
mg of reagent per ml has been redueed from about 0.05 to less tJjan 
0 .02. In addition to this, it becomes possible to complete the ana¬ 
lysis by measurements at the absorbtion maximum for the cobalt 
compound (at a wavelength of 414 mjx), where treatment with bro- 
mine has rneant a reduction from more tliaii 1.0 to less than 0.05 
per cm in the degree of extinction of the reagent. These values have 
been obtaiiied with a nitroso-R-salt reagent from The ('Ohmian 
& Bell Co., IJ^orwood, Ohio, IJ.S.A. With a preparation of diffe- 
rent rnanufacture — which appeared to be of just as high quality 
in all other respects — rather more drastic bromine treatment was 
necessary in order to reduce the extinction by the reagent to the 
same extent. If perchan(*e the extin(*lion coefficient of the blank 
should exceed 0.04 at a wavelength of 414 m(ji, the bromine treat¬ 
ment of all sample Solutions in that partieular series of analyses 
should be repeated. The analytical values which are calculated 
from measurements of the degree of extinction at wavelengths of 
414 and 480 mfx should naturally lead to approximatcly the same 
final result; this gives a further guarantee of the i)urity of the cobalt 
colour. 
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Fig. 2. 


Analyses of sonie typi(uil Swedish liay sainples an» oxeinplificd 
in Table 1. Tlie deviation betweeii parallel analys(»a and also b(»tween 
the aniounts of robalt addod and reeover(»d is as a rule loss than 
± 6 per (*ont in routino work. 8omo analyses (of samples 885 and 
88 d), wliirh have bern pnrposely inelndrd in thr table, rertainly 
appears to have fairly satisfaetory reproducibility, but they show 
relatively lii^h dej^^rees of extiiietion at the wavelength of 366 ni(jL, 
whieh indieates that a certain interference from iron has c.aused 
positive errors in the e.opper analysis and can l(»ad to uneertain 
values in the cobalt analysis. JSuch interference from iron can 
occur sporadieally as a result of the pH havinj^ be(m too low durin^ 
the copper and cobalt extraction, but it betrays itself — as can 
be seen from the table — by causinj? the net extinction at X366 
m(x to exceed 35 per cent of tbe value at X 440 nifx. 

The measurenieiits of the degree of extinction have been made 
with a Beckman model DU quartz spectroi)hotometer provided 
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Table 1. Examples of hay andlyses. 


Parallel analyses carriod out at different times. 


Sarnple 

(-opper analyses with 
diothylflithiocarbamate. 
Specific extinction 0.20 
at X 440 rnp. 

1 ml soln. representH 
1/20 of the weighed 
sarnple (— 0.5 g hay) 

(k>balt analyses with nitrusu^K-salt. 
»Apparent» specific extinction 0.47 at X414mp 
and 0.23 at X 480 mp 

1 ml solution represents 15/100 of the weighed 
sarnple (— l.ö g hay) 

Kxt. fier om 

Cul 

ITOr g 1 

sarnple { 

Ext. per cm 

Pg Co per g Humple 

Cobalt 

reco* 

vered % 

366 inp 

440 mp 

414 mp 

480 mp 

414 mp 

480 mp 1 average 

Blank a 

0,042 

0.099 


0.039 

0.014 





b 

0.040 

0.087 


0.035 

0.012 





2jigCo a 

0.029 

0.006 


0.143 

0.068 

(0.203 

0.197 

0.200) 

100 

b 

0.025 

0.002 


0.140 

0.068 

(0.199 

0.197 

0.198) 

99 

20 fJLg Gu a 

0.011 

0.200 


0.007 

0.004 





b 

0.009 

0.201 


0.003 

0.001 





Hay 161 

0.16 

0.98 

9.8 

0.042 

0.023 

0.059 

0.067 

0.063 



0.18 

1.00 

10.0 

0.046 

0.022 

0.065 

0.064 

0.065 


Ditto f 0.2 [Xg 

0.15 

0.99 

9.9 

0.178 

0.090 

0.263 

0.260 

0.257 

97 

Co per g hay 

0.19 

1.01 

10.1 

0.197 

0.092 

0.278 

0.266 

0.272 

103 

Hay 162 

0.09 

0.43 

4.3 

0.043 

0.023 

0.061 

0.067 

0.064 



0.15 

0.44 

4.4 

0.045 

0.022 

0.064 

0.064 

0.064 


Ditto + 0.2 (Xg 

0.11 

0.43 

4.3 

0.176 

0.085 

0.250 

0.246 

0.248 

94 

Co per g hay 

0.13 

0.44 

4.4 

0.186 

0.081 

0.264 

0.235 

0.260 

95 

Hay 885 

0.07 

0.39 

3.9 

0.088 

0.045 

0.125 

0.130 

0.128 



0.23* 

0.47* 


0.106* 

0.053* 

0.150* 

0.154* 



Ditto 1 0.2 fxg 

0.07 

0.38 

3.8 

0.223 

0.116 

0.316 

0..336 

0.326 

99 

Co per g hay 

0.23* 

0.47* 


0.227* 

0.115* 

0.322* 

0.334* 



Hay 886 

0.09 

0.46 

4.5 

0.056 

0.031 

0.082 

0.090 

0.086 



0.17* 

0.49* 


0.063* 

0.033* 

0.089* 

0.096* 



Ditto f 0.2 pg 

0.07 

0.44 

4.4 

j 0.212 

0.099 

0.301 

0.287 

0.294 

103 

Co per g hay 

0.39* 

0.58* 


0.177* 

0.090* 

0.252* 

0.261* 



Blank c 

0.039 

0.085 


1 0.027 

0.011 




1 

d 

0.033 

0.083 

j 

; 0.025 

0.009 





1 pg (,'o a 

0.019 

0.001 

i 

i 0.072 

0.035 

,0.102 

0.102 

0.102) 

102 

b 

0.014 

0.012 

i 

i 0.074 

0.036 

(,0.105 

0.104 

0.105) 

105 

Hay 175 

0.05 

0.32 

3.2 

0.027 

0.013 

0.038 

0.038 

0.038 


Ditto + 0. l pg 

0.07 

0.32 

3.2 

0.093 

0.046 

0.132 

0.134 

0.133 

96 

Co per g hay 










Hay 550 

0.08 

0.41 

4.1 

0.005 

0.003 

0.007 

0.009 

0.008 


Ditto 0.1 Pg 

o.n 

0.42 

4.2 

0.078 

0.039 

0.111 

0.113 

0.112 

104 

Co per g hay 











Note, For the blank determinations the extinction is given as road, for 
standard and unknown samplos, however, the net extinction after subtraction 
of the blank is given. *Uncertain or faulty values. In theso analyses the 
extinction at X 36Ö in(jt exceeds 35 percent of the valuo at X 440 m(X, which 
indicates interference from iron (see text). 
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witli absorbtion cells of 10 mm light path for all measurements. 
In the cobalt analysis the method can give greater sensitivity if 
the measurements are carried out with micro absorbtion cells 
of greater depth, but those were unfortunately not available. 

In all measurements the corresponding pure solv en t — i. e. carbon 
tetrachloride for the copper analysis and water for the cobalt ana¬ 
lysis — has been used as control solution throughout. It is not 
80 reliable to use blank samples for this purpose, as they may be 
distorted by temporary errors which might not be observed. One, 
or preferably two, blank samples, however, should be included in 
each series of analyses. Only redistilled water should be used, and 
all contaminations must naturally be scrupulously avoided, as with 
all microanalysis. 

This investigation has been aided by a grant from the Agricul- 
tural Eesearch ('ouncil (Jordbrukets Forskningsråd). 

Summary. 

After a discussion of diftoent methods of analysis, detailed 
working instructions are given for the determination of copper 
and cobalt in samples of plant material. The analytical reagents 
used are diethyl-dithiocarbamate and nitroso-K-salt respectively. 

The proc-edure differs from earlier methods in some minor and 
some more important modifications, which are intended to give 
a greater degree of certainty to the analyses and at the same time 
to make the method conv(mient and siiited to routine work: among 
these improvements, mention may be made of the following. 

By dry sulphate ashiiig of the original saniple and subsequent 
treatment of the ash with perchloric acid and hydrofluoric acid, 
the solution which is obtained is (»ffectively freed from organic 
matter and silicic acid. 

The copper reagent is used not only for the actual copper deter¬ 
mination, but at the same tinie for the separation of copper and 
cobalt from interfering elements. 

The transfers between different vessels which are otherwise usual 
in the cobalt analysis have been avoided, and all reactions take 
place in the same glass beaker. Even the final volunie is ad justed 
in this beaker by weighing. 

The whole analysis can noriually be carried through without the 
formation of any preciijitate, so no filtering or washing is necjessary. 

As the sample for analysis only needs to pass through a few dif¬ 
ferent vessels, the risks of contamination and loss of material (and 
also of confusion of samples) have been substantially reduced. 

Extinction curves have been constructed from measurements 
made with standard Solutions and blank samples. Hsing these 
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for guidance, a simple procedure is reeommended for ehecking the 
purity of the coloured copper and cobalt compounds isolated from 
the analytieal samples and thus the certainty of the individual 
analyses. 
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Introductory Note on the Determination 
of Copper Fixation in Soils by Mcans of E.M.F:s 
of Concentration Cells. 

Hy OLOF KVANHERO, PER EKMAN and NILS-ERIK PERSSON. 
From thr (liemtcal JnstitfdP. 


Tliere is, theorctieally, a possibility of analysing the aetual c-op- 
per status of soils by rneans of ^jalTanometer readiiij^s of the electro- 
iiiotive forces (E.M,F:s) of concentration cells, onc of the electrodes 
of whic.h consists of pure cojiper in a soliitioii or suspension made 
up from the soil in qucstion. Practically, howeve^r, this attractive 
jiossibility nearly definitively seems to be sjioiled by the unfortunate 
fact that copper electrodes, as a rule, are not applicable to this 
purpose in Solutions with a lower copper concentration than about 
10* or 10^^ mol per liter, i. e. at less than 0.3—0.03 milligrams 
of this m(*tal per liter of electrolyte solution. At lower (copper con- 
(‘entrations the teiiden(*.y of the electrode metal to pass into the 
solution and thereby to develop an uncontrollable and irreprodu- 
cible copper concentration in the surroundin^J: electrode solution, 
in most cases cxcludes the possibility of obt-ainin^ reliable results 
of any value at all. Exceptions from this ruh», however, rcally 
exist in cas(‘S where the solution (*ontains some substance capable 
of an immediate de-ionization or c.omplex bindiiif? in relation to 
(*opper. 8uch a situation, which is comparable to a »biiffer capa- 
<aty» in readin^^' ])TI-values, sometimes allows the use of coiiper 
(iells at. lower copper concentrations than one is able to set.tle ex]>eri- 
mentally in this way in non-buffered water Solutions of pure copper 
salts. 

In the case of soil suspensions, no such immediately active de- 
ionization of th(‘ copper seems to exist., which could be able, effeci- 
tively enough, to (*ount.era(*t the unfavourable propcrty of copper 
as an electrode material in concentration cells. The copper binding 
capacity of soils, on the contrary, shows a considerable »time la^», 
the effect increasin^? rapidly with the time. (^ells with one electrode 
consistin^ of copper in soil suspensions have hitherto given readings 
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of the E.M.F:8, in millivolts, which are by no means reproducible 
and generally indicate much higher figures of the copper coneen- 
trations than are within the range of theoretical possibilities, as, 
e. g., between 10^^ and 10“^ mol per liter, where about 10~® would 
have been expected or theoretically possible in regard to the total 
copper contcnt of the soil samples and other more or less wellknown 
factors. 

On the other hand, the authors are not completely convinced 
that a practical method for determining copper conditions of natu¬ 
ral soils is a completely impossible task in the future. The use of 
copper amalgam as electrode material (Fbonj^us, 1948), effective 
precautions against any danger of oxidations as well as other experi¬ 
mental rneasures may offer us greater possibilities of settling small 
copper concentrations in this way, which are at present not acces- 
sible to this analytical method. 

The circumstances mentioned, however, do not exclu ä» the pos- 
sibility of determining the capacity of soils to fix or de-ionize copper 
from water Solutions by means of concientration cells. The (diief 
condition necessary for this purpose is that the copper concentra¬ 
tions in the test Solutions are chosen within a range where reliable 
and reproducible readings are obtainable. These concentrations 
may under all circumstan(}es be rather small in (jomparison to the 
total copper fixation or ion exchange capacity of the soils examined. 

The thermodynamic theory of concentration (»ells, developed by 
Nernst and, after the pioneer work of Sorensen, everywhere in 
use in determining hydrogen ion concentrations in biochemical 
and agric.ultural Science and practice, will not be repeated here. 
According to this theory, the E.M.F. of a concentration (*ell, pro¬ 
vided the diffusion potential is counteracted by a suitable arrange- 
ment — mostly by the use of a saturated KCl-solution suggested 
for this purpose by Bjerrijm as a conduetor between the two elec¬ 
trode Solutions — may be expressed by the equation 


n C2 

giving 

E ~ • log millivolts, 

i. e. 0.0585 volts for a univalent (n — 1) and 0.0293 volts for a biva- 
lent (n — 2) metal in Solutions against electrodes of the same inetal, 
at 22° C, on the assimiption that Cj/cg is 10/1. 

The theoretical values of copper cells (n = 2) are experimentally 
verified in previous works, reviewed in the International Critical 
Tables (Vol. VI, 1929). Some readings on cells of this kind are 
given in table 1. 
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Author 

CUSO 4 . 

molarity 

Volts 

Volts for 
Ci/C 2 = 10 

Cl 

c* 

1 

0.5 

0.05 

0.022 

0.022 

2 

0.01 

0.001 

0.0299 

0.0299 

8 

0.1 

0.01 

0.02S8 

0.0288 

.3 

O.l 

0.001 

0.0583 

0.0292 

3 

0.1 

0.0001 

0.0940 

0.0313 

3 

0,1 

0.00001 

0.1209 

0.0302 


1. Labkndzinski and Abeoo (1904), 2. Getman (1914), 3. Ekman in this 
laboratory (1949). 


In cells, wlicre the concentration of the (iopper salt in one of the 
electrode Solutions is only 0.001 M, or less, tlie conductivity of 
the Solutions may be sujiported by additions of an electrolyte, such 
as K 28 O 4 . 


Methods. 

The electrode me tal consists of pure, electrolytical copper. It 
is suitable to use copper wire with a diameter of about 2 mm (uit 
Into eonvenieut leni^tlis and covered with a film of asphalt var- 
nish. For each readinK a new, completely elean copper surfaee 
must be prejiarcd by meaiis of polishinj? the end surfaee of the 
electrode against emery or a similar material. 

Table 2 gives a compreliension of the effects of different treat- 
ments of the electrode metal on the potentials in one and the same 
electrode solution. The wires 3 and 11 — polished, burnt, reduced 
with methanol and asphalt-varnished — in the authors opinion 
gave satisfactory results, differing from each other within the 
limits of less than one millivolt. Treatments of the metal with Hg- 
salts at different dilutions and during different times did not bring 
any advantage (ef. MItller and Reittiter, 1942). 

The advantage of adding, at small concentrations of the copper 
salt {CUBO 4 ) in the electrode Solutions, some neutral electrolyte in 
order to rnaintain the conductivity of the cells, was the reason to 
examine, for this purpose, the effect of KCl on the E.M.F:s and on 
the electrode potentials, measured against a calomel electrode. 

There are, of course, several reasons for the use of KCl for this 
purpose. Firstly, the identity of this salt with the salt in the satura- 
ted KOl-solution, used in order to avoid diffusion potentials, dimi- 
nishes the possibilities of complications. Becondly, as we have 
found in our experimental work, the addition of KOI to electrode 

35 — 48106 Kungi. hnnthrukshögaIcolanH Annahr. Vol. 16 
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Table 2. Comparisons of different Cu-eleeirodes in 0.01 M GuSO^ 
+ LO N KGl against a ealomd électrode. 

Readings in volts after 2, 3, and S minutes. 


No. 


2 


5 

Mean 

1 

Oii-rod, 2.9 mm, polished, buraed, roduced with 
methanol, asphalt-varnished, rubbed on emery 

0.1497 

0.1492 

0.1483 

0.1491 

2 

Ou*wire, 2.0 mm, treated as 1. 

0.1493 

0.1481 

0.1487 

0.1487 

3 

» 2.0 )> » » 1. 

0.1500 

0.1505 

0.1502 

0.1602 

4 

» 2.0 » » »1, paraffined . 

0.1504 

0.1495 

0.1494 

0.1498 

5 

» 2.0 » » » 4. 

0.1495 

0.1503 

0.1574 

0.1524 

6 

» 0.3 » in glass tube, burriod. red. with 

methanol. 

0.1492 

0.1503 

0.1509 

0.1501 

7 

Cu-wire, 0.3 mm, treated as 6. 

0.1499 

0.1497 

0.1498 

0.1498 

8 

» 0.3 » » ►> 6 + momently in 

10-‘ Hg(.'l. 

0.149G 

0.1504 

0.1518 

0.1506 

9 

Cu-wire, 0.3 inrn, treated as 0 -f momently in 
10'® HgCl2. 

0.1501 

0.1522 

0.1549 

0.1524 

10 

(-u-wire, 0.3 mm, treated as G f momently in 



10 ® HgCIa. 

0.1552 

0.1555 

0.1557 

0.1555 

11—20 

Cu-wire, 2.0 mm, treated as 1. 


11 

Control without Hg. 

0.1505 

0.1509 

0.1508 

0.1507 

12 

10 min. in 0.00001 HgCl. 

0.14GI 

0.1468 

0.1478 

0.1469 

13 

10 » » 0.00001 HgCl2. 

0.1407 

0.1483 

0.1518 

0.1489 

14 

10 » » 0.001 HgClj. 

0.1497 

0.1503 

0.1506 

0.1502 

15 

1 hour » 0.00001 HgCl. 

0.1474 

0.1486 

0.1497 

0.1486 

1« 

1 » » 0.00001 HgOlj. 

0.1469 

0.1479 

0.1484 

0.1477 

17 

1 » » 0.001 HgCIg. 

0.1401 

0.1479 

0.1497 

0.1479 

18 

48 hours in 0.00001 HgCl. 

0.1455 

0.1467 

0.1490 

0.1471 

19 

48 » » 0.00001 HgClg. 

0.1532 

0.1538 

0.1551 

0.1540 

20 

48 » » 0.001 HgCl2. 

0.1438 

0.1564 

0.1591 

0.1531 





Mean 

0.1503 


Solutions of diluted sulpliate of copper brings about a marked in- 
crease of tho E.M.F.-values of the (30iK{entration cells up to about 
60 millivolts for a conceutration difference corresponding to the 
relation Ci/Cg — 10:1 (table 3). The figures obtained signify that 
the copper, according to the theory of (ioncentration cells, behaves 
as univalent in Solutions of about 1.0 in KOI. 

The addition of K Cl does not only at the sanie tiine affect the 
E.M.Fis of the concentration cells to a high degree, but the single 
electrode potentials as well (Table 4). In a work with soil samples, 
as in the following study, it niay seem rather necessary to use such 
additions in order, if possible, to eounterbalance differences as to 
the electrolyte content of the soil itself. The advantage of such an 
addition, on the other hand, is rather slight by the circumstance 
that — according to table 4 — variations in the KCl-concentrations 
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Table 3. E.M.F:8 of coneentration cells wiih copper electrodes. Each 
electrode is measured separately against a calomel electrode at 22" C, 


KCl 

molarity 

CUSO4, 

molarity 


V () 1 t 8 


Cl 

C2 

OJ 

0.1 

0.01 

0.037 




0.01 

0.001 

0.050 



0.2 

0.1 

0.01 

0.041 




0.01 

0.001 

0.052 



0.5 

0.1 

0.01 

0.048 




0.01 

0.001 

0.053 



1.0 

0.1 

0.01 

0.059 

0.057 

0.057 


0.01 

0.001 

O.OOO 

0.059 

0.060 


0.001 

0.0001 


0.059 



luivf^ niostly the same influence on the differences of potential 
at all cliloride porcentages. Pigures in small print in table 4 are 
uncertain. 


Table 4. Electrode potentials Cuj c Cu80^-\-N KCl / sat. KCl j 
against a calomel electrode at 22" C, 


O1USO4 c 

KCl 11 

Volts 

0.1 

0.1 

0 098 

0.1 

0.2 

0.031 

O.l 

0.5 

0 0«2 

0.1 

1.0 

0.092 

0.01 

0.1 

0.045 

0.01 

0.2 

0.075 

0.01 

0.5 

0.110 

0.01 

l.O 

0.151 

1 0.001 

0.1 

0.095 

0.001 

0.2 

0.127 

0.001 

0.5 

1 0.163 

1 0.001 

1.0 

! 0.211 


As will be seen from table 5, variations in acidity do not signifi- 
(‘.antly influence the electrode potentials, nor consequently the 
fignres of the E.M.Fis. Only at the dilution of 0.001 M (IUSO 4 <^oes 
the rather strong acidity continually give rise to depressions in these, 
values, probably by affeeting the electrode metal. 
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Table 5. Meetrode potentials Cuj e CuSO^^-l.O N KCl-HClj sat, 
KCl I against a calomel electrode at 22^ C, 


KCl 

HCl 

c= 0.1 
Volts 

c = (».01 
Volts 

c = 0.001 
Volts 

1,0 

0 

0.092 

0.151 

0.211 

0.9 

0.1 

0.090 

0.150 

0.208 

0.8 

0.2 

0.090 

0.150 

0.207 

0.5 

0.5 

0.090 

0.153 

0.205 

0.2 

0.8 

0.092 

0.152 

0.202 

0.1 

0.9 

0.090 

0.151 

0.200 


Results. 

Our chief results are connected with the E.M.Fis of (^oneeutra- 
tion cells of this tyi)e: 



0.001 M CUSO 4 

sat. 

0.001 M CuS ()4 


i 0.5 N KCl 

KCl 

1 0.5 N KCl 

Cu 



p gram soil 




sainple or org. 




matter 


each electrode of which is nieasured separately against a calomel 
electrode. Table 9, however, was worked out with 0.01 M CUSO 4 
Solutions. The E.M.Fis of the (*oiicentration (‘.ells are calculated 
as a difference and give a measure of the de-ionization or copx)er 
binding capacity of the soil in question. 

Table 6 gives some analytical values of the soils investigated. 
Thoy reprosent a wide i)H-range and have contents of organic 
matter from 3 to 96 p ct. 


Table 6 . Some analytical values of the soils investigated. 


No. 

Provenience 

pH uci 

pH KCl 

Organic inatter 
p et 

V 

Arvidsjaur 

5.2 

4.3 

96 

VI 

» 

4.8 

3.9 

96 

I 

Gisselås 

5.8 

5.5 

90 

III 

Avesta 

5.5 

4.9 

! 4 

IV 

» 

6.5 

6.2 

! 6.5 

X 

» 

6.3 

5.4 ! 

1 11 

XI 

» 

5.2 

4.5 1 

i 3 

11 

Vattholma 

6.3 

5.6 

1 

VII 

» 

6.5 

5.9 

j 72 

VIII 

»> 

7.4 

7.2 

35 

JX 


7.2 

6.5 1 

26 
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Table 7* Copper hinding eapaeity of soils, expressed in volts of conc:n 
cells, in which 1 gram of different soil samples was added to 100 milli- 
liter of a sol:n of 0.001 M CuSO^ and 0.5 N KCl. Readings after 24 

hours at 22"^ C. 


Soil 

No. 

Organic 

mattor 

pet 

VoltH 

Cu, fixod 
p ct of 
total 

XI 

3 

0.012 

41 

111 

4 

0.015 

48 

JV 

(i. 5 

0.027 

70 

X 

11 

0.042 

85 

IX 

2 (i 

0.007 

95 

vill 

35 

0.074 

95.5 

11 

51 

O.OSO 

97 

VII 

72 

0.093 

98 

T 

90 

0.095 

1 98.5 


Organic 


Cu, tixed 

matter 

Voltfl 

p ct of 

J) ct 


total 

90 

0.022 

02 

90 

0.045 

80 


Table 7, which fcives an account of the E.M.F:s of a nuinber of 
(‘-ells where the quantity of soil sample was in each caso 1 ^?ram 
and the Solutions prepared 24 honrs before the readings, gives a 
first idea of the influence of the organic matter of the soil on its e.op- 
p(*r hinding eapaeity, ineasnred in this w^ay. 

If the eells, as in table 7, are arranged aeeording to the percentage 
of organi(i matter of the soil samples, it is quite elear that for the 
jnajority of them the copper hinding power rapidly inereases at 
an inen^asing eontent of sueh substanees. Two of the soils, no. V 
and no. VI, the jnost acid ones in K(U, differ eonsiderably from the 
other nine and show a mueh lower eoj)per hinding eapaeity than 
might have been expeeted from their organogonie origin. This 
matter may be attributed to the low pH-values of these soils, no. 
Yl with the lowest pH in this series differing most distinetly from 
the otliers. 

Fig. 1 shows the relationship betwcen the organic matter of 
the soils in the left part of table 7, in gram, and the percentage of 
the copper, fixed in the cells. The figures are calculated from the 
assumption that 0.053 volts is the eorrect E.M.F. as a result of 
a de-ionization of copper down to 10 p et of the original concentra- 
tion, in these cases. 

The soils were further investigated in cells of the same kind 
as in table 7, for each soil sample a series of measurements being 
made with inereasing additions of soil. The readings are recorded 
in table 8. 
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Table 8 . E.M,F:8 of conc:n cells of the same kind as in tahle 7, 
with increasing quantities of soil samples. 


Soil 

No. 

Soil 

gram 

Org. 

matter 

grain 

Volts 

Cu, 
fixed 
p ct 

Soil 

No. 

Soil 

gram 

Org. 

mattor 

gram 

VoItH 

Cu, 
fixed 
p ct 

I 

1 

0.9 

0.095 

98 

Ill 

1 

0.04 

0.015 

48 


2 

1.8 

0.105 

99 


5 

0.20 

0.023 

62 

II 

1 

3 

0.51 

1.53 

0.080 

0.097 

97 

99 

! 

10 

20 

30 

0.4 

0.8 

1.2 

0.033 

0.047 

0.055 

76 

87 

91 

IV 

1 

0.065 

0.027 

70 


40 

1.6 

0.062 

93 


10 

30 

0.65 

1.95 

0.096 

0.117 

98 

99 

V 

! 

0.1 

1 

0.096 

0.96 

0.016 

0.045 

50 

86 

VII 

0.096 

0.07 

0.026 

68 

1 

5 

4.8 

0.083 

97 


0.24 

0.17 

0.058 

92 


10 

9.6 

0.097 

99 


0.48 

0.34 

0.076 

96 

' 

15 

14.4 

0.110 

99 


0.96 

0.69 

0.093 

98 

:i VI 

0.048 

0.046 

0.008 

28 

VIII 

0.17 

0.06 

0.031 1 

74 

il 

0.24 

0.23 

0.016 

50 


0.425 1 

0.15 1 

0.061 

93 


0.48 

0.46 

0.017 

52 


0.85 1 

0.30 

0.073 

96 


1.2 

1.15 

0.024 

65 


1.7 

0.59 

0.087 

98 


2.4 

2.3 

0.042 

84 

IX 

0.19 

0.05 

0.019 

56 

II 

■! 

12.0 

11.5 

0.057 

92 


0.47 

0.12 

0.036 

79 

ij XI 

0.6 

0.018 

0.011 

38 


i 0.94 

0.25 

0.066 

94 

il 

1.17 

0.035 

0.012 

41 


1 1.88 

0.49 

0.085 

98 


11.7 

0.35 

0.031 

74 

X 

0.22 

0.55 

1.09 

0.024 

0.06 

0.12 

0.008 

0.020 

0.042 

28 

58 

84 

ii 

29.5 

58.5 

93.5 

0.89 

1.75 

2.80 

i 

0.062 

0.076 

0.081 

93 

96 

97 


2.18 

0.24 

0.055 

91 







5.45 

0.6 

0.087 

98 

|:_ j 






The following observations are of interest. Samples I, II, IV, 
VII, VIII, IX, and X, at the left in the table, behave in a nearly 
corresponding manner. They all fix copper in a very similar way 
if their eapacity in this respect is matched against their content 
of organic matter. Soils III, V, VI, and XI, differ in such a manner 
as to show a deereasing copi>er fixation, as compared with the 
other soils, when increasing additions of a soil sample are made to 
the cells. Soils No. III and No. XI, which behaved as »neutral» 
soils on small additions (table 7 and Fig. 1) when increasing addi¬ 
tions are made, differ more and more, and reveal a deereasing cop¬ 
per binding power. The four soils, thus behaving in an individual 
manner, are the most acid of the samples examined. No. VI, with 
the lowest pH-value, regularly has the weakest copper binding 
eapacity. On the other hand, the soil (No. VIII) with the highest 
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Table 9. E.M.F:8 of conc:n cells Guj 20 milUliter 0,01 M Gu80^ + 
1,0 N HCl-KCl 4- soil samplCj corresponding to 1 gram organic 
maUerj sat, KGlj 0,01 M Gu80^ '\- 1 N KClj Gu, 8oil + electrode 
sol:n were shalcen 1 hour, left over night and shahen once more 1 hour 
before reading at 22® G, 


Soil 

No. 

■ 

pH 

Volta 

Cu, fixed p et 
of total 

VI 

3.5 

0.019 

52 


2.4 

0.005 

18 


1.9 

0.001 

4 


1.3 

- 0.002 



3.9 

0.031 

70 


2.7 

0.009 

30 


2.0 

0.004 

15 


1.5 

-0.002 

1 

IX 

6.2 

0.102 

1 98 


5.0 

0.092 

' 97 


3.8 

0.061 

' 91 


2.7 

0.022 

: 58 


2.1 

0.003 

; 

JX 

5.2 

0.089 

1 97 


4.1 

0.076 

95 

1 

3.3 

0.055 ! 

1 88 

1 

2.3 

! 0.009 i 

i 30 

1 

1 1.7 

i 0.001 ! 

1 4 


pTJ-valuo has only a slightly increased copper binding power and 
does not differ rruieh more in this respeet from the other »neutral» 
samples than within the limits of experimental errors. 

If the figures in Table 8, attribntable to the »neutral» soils in the 
left part of the table, are registered in a diagram (figure 2), the 
total coi)per binding capaeity of these soils seeiiis to be completely 
attributed to their contents of organic matter. For comparison, 
the lower curve represents the most acid soil (No. VI). 

At last, the effect of variations in pH on the copper binding 
capaeity of a number of soils was studied on a series of concentra- 
tion cells. (Table 9, fig. 3.) 

The conclusion of this study is as follows. The fixation of copper 
by the soils investigated vanishes completely at pH-values about 
2.0, and less, independently of their original pH-values, but rapidly 
inereases with inereasing pH up to about 4.5. No maximum in this 
respeet could be deteeted between pH 2 and pH 6. The differences 
between the organic matter of the various soils, found in table 8, 
thus principally are due to differences in their pH-values. Small 
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pH 

Fig. 3. 


deviations from one aoil to anoilier still remain in tlio pH-range 
b<"twoon 3 and 4, where sliglit differences as to the properties of 
the huiiiiis (‘-onstituouts in tiiis respect may be detected. 


Summary and Disciission. 

The authors give a brief aecount of deterrninations of copper 
in aqueoiis Solutions by means of concentration cells. 

Attenipts to analyse, in this way, the copper ion concentrations 
in soil suspcnsioiis or soil Solutions (without any c^opper added) 
were unsuccesful, the copper concentrations in question being far 
to low to pennit analyses of this kind, evidently depending on 
the insufficient properties of copper as an electrode metal for this 
purpose when the conccmtrations of the metal in electrode Solu¬ 
tions decrease under N, i. e. to inicromoles per liter. 

The copper binding capacity of soil samples, however, may be 
succesfully demonstrated in Solutions having a somewhat higher 
concentration of copper, e. g. 10 ® N and downwards. 

The electrode potentials and the E.M.Fis > of copper(ri)-con- 
centration cells, defined by about 0.030 volts for a concentration 
gradient of 10:1, are greatly affected by additions of KCl, priniarily 
tested in order to arrive at a sufficient conductivity of the cells 
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without any confusion from the conductor solution, which, to 
avoid diffusion potentials, consisted of this electrolyte. With suffi- 
oient additions of KCl to the cells, the copper behaved as univalent, 
the cells giving now E.M.Fis of about 0.060 volts if the two con- 
centrations were in the ratio of 10:1. 

The copper fixing capacity of a series of soils was dearly related 
partly to their contents of organic matter and partly to their pH- 
values. 

Seven soils with pH-values from 5.8 to 7.4 (in water), correspon- 
ding to about 5.5—7.2 (in KCl), fixed copper in 24 hours within 
the limits of experimental errors strictly in proportion to their 
penjentages of organic matter. Four more acid soil samples, of 
pll 4.8—5.5 (in water) and 3.9—4.9 (in KCl), in comparison to 
the more neutral soils, showed, as to their copper binding activity, 
depressions related to their contents of organic matter, the most 
acid samples having the weakest effect of this kind. According 
to the results from measuring elcctrode i)otentials in acid Solutions 
without any addition of soil material, these depressions (iannot be 
attributed to an elecitrode effect, and are, consequcntly, related 
to a lower copper binding capacity of the soils in question. It was 
noticed that the copper binding effect of the acid soils was propor- 
tionally greater in cedls in which only a small addition of the soil 
sample was made, the depression growing greater with increasing 
additions of soil, i. e. when the soil pH had a greater possibility of 
influencing the environmental solution. 

At last, it was found that the pH-values affect the copper fixing 
capacity of all soils, iiivestigated in this respect. Below pH -- 2 
this power vanishes completely, and between pH 2 and 4.5 it in- 
creases very rapidly without any maximum below pH 6—7. 

The now described rapid method of determining, potentiometri- 
(ially, directly in extracts or suspensions of soils the copper ion 
activity, seems to be applicable in order to compare the capacity 
of different soils to fix this metal and to study the complex forming 
constants of copper compounds of different soil colloids. Our intro- 
ductory investigation on this subject shows, that these complex 
compounds have a rather great stabili ty and thereby eonfiriris 
earlier experiences stated in the literature as to the relatively strong 
fixation of copper in soils. This fixation, however, in some cases 
may ha\e been exaggerated as the copper ions in the soil seem to 
obey the general laws of ionic exchange in spite of its concurrence 
activity against the hy drogen ion being considerably greater than 
that of, e. g., calcium or potassium. A t strong acidities the fixation 
of copper, however, is rather insignificant. 

Ca-ions obviously are light replaceable by copper and have a 
small direct effect on the fixation of this metal. Indirectly, however, 
a richness in calcium may affect the copper fixation in a positive 
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way, by favouring the dcvelopment of organic acidoids in tlie soil. 
By ineans of studies on copper fixation, especially in acid Solu¬ 
tions, it seems to be possible to make distinctions of different qua- 
lities of humus. 

The effects found in this investigation, however, must not be 
confused with the behaviour of copper salts, applicd as fertilizers 
in long-term fertilizing experiments in the ficld on soils deficient 
in this metal. In such cases the influence of the soil components on 
the coi)per salt is of so much longer duration that reactions between 
copper and soil particles may take place, which are too slow to be 
registered in experiments arranged in the laboratory in the luanner 
described in this paper. 

It may also be added, that copx>er, effectively fixed in peat soils 
like sample (I) from Gisscdås, may nevertheless be accessible to 
the A^egetation on such soils. Obviously, the plants have a power 
of taking up this metal from organic compounds. The humus con- 
tents of soils, protecting the copper from leaching, must for this 
reason be assigned a favourablo influence on their copi)er status 
(Htenberg, Ekman, Lundblad and Svanberg 1949, and Limn- 
BLAi), Svanberg and Ekman 1949). 
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Some Analytical Work on Cobalt in Swedish 
Hay and Soils. 

By OLOF SVANBERG and PER EKMAN. 

From ihe Chemical Inatitxitv. 


Iti is unnecessary, at present, to give an account of the interest 
in deterinining the cobalt contents of soils used for fodder produc- 
tion and of fodder crops and pasture plants for ruminants. The 
indispensability of this element with regard to sheep and cows 
is clearly demonstrated in niuch scientific work carried out in dif- 
ferent parts of the world. Well known are the pioneer investigations 
by Bertrand and Macheboeuf (1925), who detcrinined the regular 
occurrence of cobalt in the animal kingdom, and by Lines (1935), 
Unberwoob and Filmer (1935) and Asko v and Dixon (1936), 
who were the first to make clear the importanc^e of this inetal in 
order to avoid locally occurring malnutrition in ruminants. The 
rapidly increasing nnmber of contribiitions to our knowledge of 
cobalt deficiencics prevalent in hay and j)asture on various soils 
has been reviewed by a number of authors, by Marston (1939), 
Underwood (1940), Mitoiiell (1945), and Maynard and Smith 
(1947). The function of cobalt as a probable catalyst or nutrient 
for the rumen microorganisms in sheep was recently stated in a 
preliminary communication by Tosio and Mitchell (1948). This 
discovery has a Swedish precnrsor in an observation, made by 
Hedström, hitherto unpublished, of cobalt salts in diminutive 
quantities acting as positive catalysts on the growth of rumen 
fungi, thus probably promoting the formation of thiamin and 
other water-soluble factors, of importance to the host animal. 

In Scandinavia, cobalt deficiency symptoms in ruminants were 
first recognized in Norway by Ender (1944), and in Denmark by 
Bendixen and Pedersen (1945, 1946). Tlie last mentioned authors 
found a good response to a treatment with cobalt salts in a defi¬ 
ciency disease in young cattle (»vosk» or »voskhed») in the western 
parts of the country (Jutland). This disease evidently inereased 
in number and aggravated during World War II when the affeeted 
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farms were cut off from the supply of imported eoncentrates and 
were mainly forced to nse fodder rations composed of tlieir own 
production only. On the Danish Islands, however, forminK the 
eastern part of Denmark, little or no prevalence of the disease, 
common in the herds in Jutland, was to be detected. 

As a general rule, the risks for cobalt-deficiency diseases and 
thereby the distribution of cobalt in farming and feeding, found 
by the Danish scientists in their country, seems to have some corre- 
spondcnce to the öcandinavian Peninsula, too, i. e. in Norway and 
Sweden, in whicli countries, Enber and Tananger (1946) found 
a great number of herds, prineipally in western Norway, severely 
affected by acobaltosis when the imported con(jentrates vanished 
from the market. Tn Sweden no such problem of alarming extent 
arose in 1940 or during the following years on feeding chiefly home- 
produced fodders. On the other hand, as will be shown on the 
following pages, a shortage of cobalt really cxists in a number of 
Swedish soils as well as in some parts of eastern Norway. 

The first observation as to probably existing cobalt deficiencies 
in Sweden was reported to us by Hallgren in 1945, who had dis- 
covered good effects by giving cobalt in cases of »juvenile pica» in 
a veterinary district (Sollebrunn) in western Sweden. Some time 
later a similar resiilt was obtained in a herd of sheep in Västernorr¬ 
land in the northern part of the country, where the lanibs had 
previously suffered heavily from emaciation and untliriftiness. 
The next Swedish report concerning the (jobalt question in animal 
hiisbandry (iame from Hallgren and Sandstedt (1947), who 
mentioned that ac^etonsemia in dairy cows in western Sweden could 
in a number of cases be successfully brought under control by 
giving cobalt as a supplement. It is of interest to compare these 
observations with a communication, made to the present authors 
by Benbtxen, that acetonaunic cows in Denmark may recover after 
a cobalt treatment in parts of the country where »voskhed» in calves 
is ]:)revalent, but not in districts where this disease is unknown. 


The Analytical Method. 

The analytical method, used in this study, is described in a paper 
from this Institute by Eicman and Lundell (1949) in this volume. 
It is especially worth observing that the method intends, as far 
as possible, to exclude different sources of error, which might affect 
previous methods. These errors generally being systeinatical and 
positive, the conclusion may be drawn that our figures on the cobalt 
contents of various samples are soniewhat lower, e. g., in compari- 
son with the analyses given by Ender and Tananger. Systemati- 
cal differences of this kind, of course, do not interfere with the 
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possibility of making comparisons as to the cobalt status in diffe- 
rent parts of Norway, cominunicated by the last-mentioned authors. 
On the other hand, it seems necessary to regard other, and lower, 
minimum-values of (*.obalt in hay and pasture as sufficient but 
necessary for aninial health. Ender and Tan anger present the 
opinion that about 0.07 mg of Oo per kg of dry hay must be eonsi- 
dered necessary. This figure, if compared with Communications by 
earlier authors, should be sufficient for sheep and a fortiori for cattle. 
According to Grimmet (1937/38), 0.07 p. p. m. will do for sheep, 
whereas 0.04 p. p. m. of cobalt is sufficient for cattle. The present 
authors are for this reason of the opinion that figures between 
0.03 and 0.04 p. p. m. of the metal, registered by their method of 
worX, must be sufficient for dairy cattle. A succesful use of cobalt 
as a A remed y for malnutritional diseases in these aniinals, when 
the coulrents of cobalt in their fodder are higher, may bc» regarded 
mo/e as a symptomatical than an etiological treatment, provided 
that the availability of this minor metal in the feeding stuffs is 
not. coiinteracted by nutritional disturban(*es of other kinds. This 
stat/einent seems to agree with the opinion of Olsson (1948), who 
foutid good response to cobalt treatment in cases of pica in western 
8 w(iden on farms with hay containing 0.08—0.096 p. p. m. of cobalt. 
accoi*^ing to the method of Euder and Tarianger. 


Results. 

On light mineral soils and on peat soils in the northern and middle 
paris of Sweden the cobalt content of hay, principally coiisisting 
of grasses of various kinds, amounts on an average to about 0.075 
I). p. m. on a dry matter basis. Tlie figures vary between about 
0.14 and downwards to 0.025 and — especnally on peat soils on silu- 
rian formations in the interiör part of Norrland — to still lower 
values. The 8tate Experimental Farm of Gisselås has contributed 
with a number of hay samplcs of the lowest cobalt (»ontent hitherto 
found in Sweden, the figures being regularly 0.03 p. p. m. or lower, 
sometirnes about 0.01 p. p. m. 

In many cases, however, such low cobalt contents of liay aiid 
pasture are not nec.e8sarily accompanied by unthriftiness or obvious 
malnutrition in young or full-grown cattle. Cases of enzootic inaras- 
mus and related diseases in these parts of the country are generally 
brought under control by ineans of earlier well known measures in 
farming and feeding, e. g. fertilizing with phosphates , an early har- 
vest of the hay, the use of fodder phosphates when indicated etc. 
If these measures are not considered, calves and cows may suffer 
from malnutrition, and a number of the sick animals may recover 
after treatments with cobalt. 



Cobalt in Swedish Hay and Soils 


561 


Concernini^ the State Exp. Farm of Gisselås, mentioned above, 
the following observations may be of interest. As a general rule, 
the native berd during the last years at this place refused to show 
any other symptoms of malnutrition, in spite of the evident defi- 
ciency of cobalt in hay and pasture, than those of a robust health. 
The herd, on an average, consists of 25—30 cows with their calves 
and heifers. The chicf fodders were hay and pasture. During the 
last three years 3.4, 4.9, and 1.2 p ct, respectively, of the annual 
ration consisted of imported concentrates, and the use of inolasses 
amounted to 3, 0.5, and 0.9 p ct. It was noticed that during the 
last year some of the calves showed a somewhat depraved appetite, 
but after a short time they recovered without any treatment. The 
year before, however, one cow, which was brought to the farm 
about one year earlier, suffered from malnutrition and did not re- 
cove.r. On a neighbouring farm, during this time, sonui sick ani- 
mals recovered in a short time after a treatment with cobalt tablets. 
There are, of course, strong reasons for the assumptions: that the 
cobalt status at Oissclås is really close to an absolute minimum re- 
quired for the health of dairy (»ows; that imported cattle may be 
difficult to a('climatize; and that about 0.03 p. p. m. of cobalt in 
hay and past ure, det.ermined by the method used, must be regarded 
as nearly adcquate in this part of Sweden. 

There are no sheep at the Gisselås farm. On farms in the proxi- 
mat^e environments having similar soils, there is an old practical 
experience made by the farmers that sheep-farming will either fail 
c.ompletely or give a vcry poor result. In the surrounding high- 
lands, however, which have soils richer in mineral nutrients, sheep 
are reared successfully on a largc scale. 

Various interpretations on such a State of things are discussed 
by Ender (1910). There may, according to this author, be a small 
supply of cobalt difficult to <*ontrol in the fodder phosphates whi(h 
are as a general rule iiidicated by low phosphorus contents in most 
of the hay from the soils in question and in relatively common 
use in 8weden, in order to arrive at a satisfactory production and 
at good conditions as to the fertility of dairy cows and heifers. 
Another cobalt carrying feeding stuff, pointed out by the same 
author, is the sugar beet molasses, which, although not available 
in quantities rcquired from practice, is well-knowm by farmers as 
w^ell as by veterinarians as a reliable remedy in cases of x>ica and 
a lack of apx)etite in Swedisli cows. Another source of (iobalt also 
difficult to control during the pasture time in summer is the soil 
itself, whi(di (iontains far more cobalt than the i)asture grasaes, 
and, as will be seen from the figures below^, may have a content 
of this metal ac.cumulated in the upper layer of the top soil. As a 
result of the methods of harvest, hay fed to farm animals in winter 
is to some (»xtent eontaminated with soil dust. By this reason 
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it has surely a somewhat higlier content of cobalt than our samples 
analysed, which in the case of Gisselås were taken from control 
plois with great care in order to avoid every contamination of 
that kind. 

A general and pronounced shortage in copper is common to all 
peat soils in North Sweden (Stenberg et al. 1949). Fertilizing and 
feeding with copper supplements, e. g. to mineral phosphates, are 
to be regarded as absolutely necessary on farms on these soils and, 
on the other hand, bring about very good results both in farming 
and feeding. No correlations, however, are to be detected between 
the (iopper and the cobalt contents in peat soils in Sweden. Table 
1 sliows some values of these two metals in samples of Swedish 
cultivated peats. 

On all soils in Table 1, the risk is obvious in crops having a marked 
deficiency in copper, a well-known fact especially on the peats at 
Saltmyran and Gisselås. The last-mentioned place at the same time 
produces a grass vegetation, which, as already mentioned, has 
regularly even a lower cobalt content than 0.03 p. p. m. It is, 
however, from the copper content of a peat soil impossible to get 
an idea of its status as to cobalt, which metal shows quite individual 
variations. 

Long-term fertilizing experiments with cobalt chloride as a top- 
dressing on soils, poor in this metal, gave, in some respects, rather 
different results as compared with a nurnber of fertilizing trials 
with copper sulphate. Fertilizing with copper as a rule shows rather 
slight effects on the copper content of the vegetation during the 
first two or three years, the effects of this kind, however, growing 
greater and greater during the following years. This tardiness has 
been explained by the very slow migration of the copper down 
into the soil. 

Table 2 gives an accouiit of the results from two top-dressing 


Table 1. Copper and cobalt contents in Swedish peats from different 

parts of the country. 


Distriot 

l*lace 

Org. inatter 
p ct 

Sulphate 
aeh, p ct 

Copper 
p. p. m. 

Cobalt 
p. p. m. 

Norrbotten 

Saltrnyran 



2.8 

1.0 

» 

» 

94 

— 

,3.4 

0.77 

Västerbotten 

Sorsele 

' 92 

7.7 

6.0 

0.74 

Jämtland 

Gisselås 

90 

— 

8.7 

0.23 

» ! 

» 

91 

9 

6.5 

0.30 

Jönköping 

Linderås 

88 

11.9 

6.1 

0.80 

Kronoberg 

Grimslov 

80 

20.2 

14.5 

1.84 

Skaraborg 

Simtak 

1 87 

1.3.2 

7.0 

1.44 
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Bucceeded in isolatiiig several Polyporus and Lenzites species, which 
were lieavily infected by moulds, on addition of a-naphtlioL With- 
out addition of a-naphthol the attempts proved unsuccessfuL In 
order to prevent bacterial growth, which is not completely inhibited 
by a-naphthol, tartaric acid was added in a coneentration of 0.05 %. 
It may also be possible to use other bacteriostatic agents. 

It should, howcver, be pointed out here that a•^naphtol can 
hardly be nsed for the purpose of isolating lignin-deeomposing 
fungi from soil be<‘au8e of its toxicily. 


Summary. 

1. A number of wood-rotting fungi, e. g. Polyporus versieolor, 
were cultivated on agar plates containing x>benols or aromatic. 
aniines. As known from Bavent)AMm’s observations (1), tlie lignin- 
d(H'omposing white rot fungi give dark-eoloured oxidation zones 
on ])henols, while the brown rot fungi, which do not attack lignin, 
give no su(*.h zon(‘s. A great number of phenols and amines were 
tested, and some intoroKsting observations made. The range of 
substra.t(‘s oxidized by the white rot fungi agrecs well with that 
of the (uizyiue »laccase», but because no purified enzyine lias been 
studied definite conclusions cannot yet be drawn. 

2 . Sorrie of the siibstances were selected for experiments aiined 
al isolating ]ignin-d(*(*oinposing fungi from soil. J^lates with an 
addition of tannic acid were iiioeulated with soil and mycelia forming 
dark zones isolated. ()n(‘ of tln* fungi obtained was cultivated on 
wlieat straw and found to deciompose lignin, althougli rather weakly. 

.S. a-lSaphthol is a ]>articidarly interesting coinpound, becaus(‘ 
it> s(*lectiv(»ly inhibits all fungi tested at a eoncentration of 0.01— 
0.001 M, (*x(H‘iit the lignin-deeomposing fungi, whicli are able to 
oxidiz(^ a-naplitliol. The gennination of all spores tested is iri- 
hibited ('ompletely at 0.007 % (0.0005 M) a-naphthol, apparently 
because thcj spores do not vontain any phenoloxidase. An addition 
of a-iiaphthol to agar plates facilitated the isolation of some lignin- 
decomimsing fungi from lieavily infected material. 

AvlxntnrlrdgvmenU This study has been supported by a grant from 
Jordbrukets Forskningsråd received in 1910. Mr. II. Blom has 
assisted in a great many of tlie experiments. 
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Insects Pollinating Alfalfa in Central Sweden. 

By E. ÅKERBERG and K. LESINS. 

From the histitute of Plant Husbandry {Crop Produktion) and the Swedish Seed 
Associationf Branch Station Ultnna. 


Alfalfa is more and more n^cogriized as an excellent forage crop 
in this country. The difficulty in obtaining honiegrown seed is one 
of the most outstanding obstacles preventing an extended ciilti- 
vation of alfalfa. One of the possible causes of this difficulty is be- 
lieved to be the insufficient frequency of jiollinating insects. During 
the period 1945—1948 investigations werc carried out in order to 
secure data on the species of insects, their frequency, nianner of 
working and habits of living. Systematic investigations^ were made 
at Ultuna near Uiipsala complemented by observations in oth(*r 
parts of the country. 


Siirvey of Literature. 

Information as to the jin^vailing spotaes of wild insects visit ing 
alfalfa fields in various alfalfa growing counlrii^s are, as far as the 
United States is concerned, found in LINSLEY^s work (12), wliere 
for California about 10 species are listed. Craisball and Tate (5), 
observing that Cdlliopsis andreniformis is responsible for the polli- 
nating and for the seed (^rop of at least soine fields in Nebraska, 
suggest that the flowering tinie of alfalfa should b(*. adjiisted to the 
tinie of activity of tlhs bee. Vansell and Tonn (24) report about 
Bombus bees, Mcgachile and Nomia as tripping agents in Utah, 
and Tysdal (22 ) stresses the röle of Megachile in tripping alfalfa 
blossoms in several parts of IT. S. A. As to Canada, the literature on 
basic problems of seed setting in alfalfa as well as investigations and 
observations of pollinating insects up to 1940 is reviewed by Knowles 
(10). Ile also inentions observations on the nesting places of Mega- 
chile bees. Peck and Bolton (15), continuing Knowles’ investiga- 

^ The investigations woro carried out partly by grants from the Roy al Acad- 
©my of Agriculture, Helg© Ax:8on-Johiis8on’8 foundation, and Östergötland’s Seed 
Growers’ Society. 
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tions, suggest artificial nests in order to increase wild bee popula- 
tions. Information on pollinating insects in Germany is given by 
Mullee (13,14), ScHAEFFLEB (18), IJPER (23) and others. Friese 
(6) mentions Melitta leporina as being very common in alfalfa fields 
in Hungary, and Z. Böjtös (pers. communic.) Rhophites canus 
as being quite common and Melitta tricincta a little less frequent. 
Eegarding England, some data are to be found in Burkill (4). 
Pollinating species in some districts of USSK are mentioned by 
Stchibbja (21). Systematic inve^tigations on pollinating species, 
their number, and working-habits in Denmark, are reported by 
Pedersen and Stapel (16). In the above literature little informa- 
tion can be found concerning the living habits of alfalfa pollinating 
wild bees, except for Crandall and Tatk (1. e.), and Peck and 
Bolton (1. c.). 

Concerning the honey-bee as a pollinating agent, the view was 
hold, up to recent years, that it was a very poor tripping agent. 
In 1946 Hare and Vansell (7), and Vansell and Todd (1. c.) 
published their remarkable findings on the importance of the honey- 
bee as a tripping agent in alfalfa fields in Utah. Some observations 
of the same kind are reported by Bitrkart from dry localities in 
Argentina (3). 

An extensive programme concerning investigations into polli¬ 
nating insects, which might in various countries be applied in future 
work, is outlined in the Tenth Alfalfa Improvement Conference in 
the U. S. A. (17). 


Methods and Materials. 

To obtain records on inse(jt species and their frequency, plant 
material in breeding gardens and seed plots of various strains were 
used at IJltuna. Commcrcial seed fields, mostly Grimm, were em- 
ployed in othcr places: at Arsta 100 km. SE, at Tynnelsö 60 km. SW, 
and at Gränna 280 km. SW of Uppsala. Observations were made 
during the flowering period of alfalfa, which in this country is July. 
Jnsect records were taken of 12—150 m^. areas consisting of 1 m. 
wide border strips on the opposite sides of the plot or between the 
rows in the breeding garden. Kecords in 1945 and 1946 were taken 
more occasionally, in 1947 almost each day, and in 1948 mostly 
twice a day. In taking the records, no consideration was paid to 
the temperature or day time between 8 a. m.—6 p. m., if only pre- 
cipitation permitted insect activity. For the observation of honey- 
bees under caged conditions, cages 6 x 2 x 2 m. of metal wire of 
2.5 and 4 mm. free mesh openings were used. For wild bees under 
caged conditions 1.2 x l x l, and 6x2x2 m. cages of 2.5 mm. free 
mesh widths were employed. In order to exclude the insects, cheese- 
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cloth cages were applied because the small solitary bee, MéliUa le- 
porina, was observed to penetrate wire isolation cages, if there were 
some wider mesbes. Identical clone plants from mother plant 131/6, 
which was selected on account of its lighter vegetative propagation, 
were utilized to investigate the causes of tripping under natural 
conditions. Particulars on this are given in the section of Apis 
mellifica» The identification of insects was made by Mr B. ScnwAN 
at the State Institute of Plant Protection, Stockholm, to whom we 
express our gratitude. 


Observations on Insect Species, their Number, and 
Habits of Living and Working. 

In systematic counts wild bees of the specaes Bomhus terrestris Jj,, 
Eucera longicornis L., Megaohile tvillughbiella Kirb., and Melitta le- 
porina Panz. were stated as collecting pollen and tripping alfalfa 
flowers. As a rule this was done by feraale individuals, while the 
males only occasionally tripped some flowers. A few other Bomhus 
species, MegacMle lagopoda L. and Antophora retusa L., were occasion¬ 
ally seen visiting alfalfa flowers. Oonspicuous is the difference in 
the number of species if the above listed spcuieft are comparcd with 
the abundance of species found by Linsley (1. c.) in California, in- 
dicating a possible cause of differences in seed-yields in these coun- 
trics. 

The honey-bee Apis mellifica L. is found in two varieties, viz. 
the black uorthern variety Apis mellifica var. 7nellifiea and 
Italian bee — Apis mellifica var. ligustica, Both varieties are found 
in the bee yards of the localities; they intereross freely, and th(‘ 
bastards eaniiot be readily distinguished, so tlu^y were all classified 
under a common designation, Apis mellifica. 

Bomhus terrcstris is a rather common alfalfa pollinator in Central 
Swoden as seen from Table 1. 

The years 194Ö and 1946 were poor seed years a t LUtuna, while 
1947 was very good, and 1948 fairly good. The same trend is to 
be seeri in the number of B. terrcstris in Table 1. 

At Gränna on July 9—15, 1948, 495 flowers were marked, and of 
these 331 or 66.9% were tripped, whereas of 616 flowers marked on 
July 18—27 only 172 or 27.9% were tripped. This difference in 
flowers tripped can at least partly be attributed to differences in 
pollinating B. terrcstris during corresponding periods. 

Worhing hahits in alfalfa. The species can be seen visiting alfalfa 
fields during the whole flowering period. When collecting pollen, 
the bees visited 10.4 flowers per minute, and when seeking ne(*tar 
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Table 1. Number of Bomhus terrestris specimens in various years 
and localities of Central Sweden. 


Lofulily 

■ 

Y (‘ur 

No. t»f 
obsorva- 
iiona 

Area «tii- 
diod 

No. of bee 

Total 

s observed 

Pollen 

eollecting 

No. of bees pr ba 

rp . 1 ' Pollen 
;c-„iiocu»g 

Ultuna .... 

1945 

9 

108 

2 

2 

185 

185 

ITltuna .... 

1946 

4 

160 

2 

2 

125 

125 

(Granna .... 

1946 

2 

380 

3 

3 

79 

79 

Årsta. 

1946 

l 

124 

l 

1 

81 

81 

Ultuna .... 

1947 

21 

1 050 

54 

54 

514 

514 

Ultuna .... 

1948 1 

1948, 

39 

2 074 

53 

53 

256 

256 

(Jramia .... 

6 -16 7| 
1948, 1 

29 

2 825 

685 

654 

2.125 

2 315 

(^'anna .... 

17 30 7! 

1 

42 

3 600 

1 153 

37 

1 

3 203 

1 

103 


iip lo flowers per miiiute. By pollen collectin^? the trippin^’ ef- 
fi(*buK;y was noted to 78 % of the flowers visited, hy nectar colloctin/^ 
to 2 %, and by takin^? ne(;tar with full loaded pellel s to 12 %. The bee 
visits 1—3 flowers per racenie, and on visitiiif? a iiew flower it nearly 
always rises to flij^ht. Jt is understandable tliat under lodj^ed con- 
ditions the free flight from flower to flower and from raceme to ra- 
eeme is obstructed, and these lod^red plants are not fully visited. 
Krom 87 pellets removed from the le^s of bees 1.25 ^ of fresh pollen 
eould be se(iured. As the bees were eau^rht under work with an in- 
<*omplete- load the wei^ht of a full pellet eiin only be estimated. Some 
of the lar^fer pelh‘ts weighed 22 mg. (In one oeeasion a b(‘e was 
traeed as tripping 500 flowers, and this ean be (oiisidered the lowest 
number of flowers required to fill two pelhds. 

Tkr liring habits of Bomhus terrestris are generally explored and 
deseribed by Släpen (19) and Lindhard (11). In connection with 
alfalfa pollination, however, maiiy more investigations are needed. 
The speeies is one of the first hmnble-bees to start at spring time. 
In 1948 the bees were obser ved as intensively searching for nesting 
pla(‘es on April 17 to 19, and examining every hole and (*.revice of 
the ground. 

On May 13 to 17th, 1948, some spedmens were captured and trans- 
ferred to small box-eagcs. They did not start breeding in spite of 
the fact that they were provided with sugar solution and pollen. 
Af ter a month they died. 

About tliree weeks later, after the first appearancc of B. terrestris, 
its parasite the Psithyrus vestalis bee likewise examined every ditch 
edge in search for the nesting plae.es of its host. In approximately 
one hour, on May 13, 1948, nine Psithyrus vestalis were observed 
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examining grass covered places in search for B. terrestris nests. At 
this time B. terrestris was found on Vaeainium myrtillus, gathering 
the nectar. It seems that tlio critical period for the development of 
B. terrestris is May, i. e. the time until the first workers are hatched. 
This period in 1947 was extremely dry, as was the case in 1948 up to 
May 20. In both years the frequency of B, terrestris was high. 

It is difficult to show correlation between weather eonditions 
and the size of bee populations. The number of queens starting 
hibernation from the previous year should be duly eonsidered. It 
is not known if weather eonditions under the period of hibernation 
have an important influenoe on the emerging queen population the 
following spring. That a low b ut stable winter temperature did not 
influence the population detrimentally, could be seen after the winter 
of 1946/1947, which was very severe. Nevertheless the B. terrestris 
population, aided by the favourable spring time was uncommonly 
high in the summer of 1947. How hibernation periods influence 
Ps, vestalis and other parasites of B. terrestris^ which according to 
ÖLADEN (1. C.) are quite abundant, we do not know. 

A very important faetor seems to be heavy rainfall. In the period 
June 29—July 5, 1948, 26 pollinating B, terrestris, corresponding 
to 718 specimens per heetare, were counted in 7 observations on 
362 m^. In the afternoon of July 5 there fell 26 mm. of rain. After 
this date the number of bees dropped to 123 specimens per heetare 
during the three following days, averaging 158 per heetare in the 
remaining flowering period of alfalfa. To obtain reliable eonclu- 
sions, however, it is necessary to make a direct observation of a 
number of natural nests, bec^ause B, terrestris as a polyle(;tic species, 
i. e. collecting pollen from different plants, may be supposed to liave 
changed its source of pollen after this date. 

A very important observation was that in 1946 at Gränna, wliere 
tliere were only 79 bees per heetare, while up to 3203 in 1948. Tliis 
means that the species is able to multiply very rapidly and may be a 
very important faetor in the pollination of alfalfa. Eurther investi- 
gations are needed to explore the reason why, in this partieular 
locality, such an inerease of the population is possible. It is not able 
that to tbe bee this locality apparently has very good nesting possi- 
bilities: there are ravines witli low shrub, which at intervals of a 
few years is (jut and left on the place; the shore of Lake Vättern 
is 2—3 m. high and, sonn». hundred meter from the lake, the hill 
side is covered with trees. The other notable observation at Gränna 
was the change on the 17th of July, 1948, from i)ollen collecting to 
nectar collecting populations, possibly c,aused by the hatching of 
new drones and queens. Gränna is known as one of the best seed 
producing localities in the country. 

At IJltuna in 1948 no such shift from pollinating to nectar collect¬ 
ing populations was observed. Only in the year 1947, on the 23rd 
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of August, was the proportion 7 nectar seeking drones to 4 pollinat- 
ing workers. 

In August B, terrestris was seen visiting the flowering heather in 
the outskirts of woods. 

Melitta leporina must be considered the second of the wild bee 
spe(des of importance for the pollination of alfalfa, 

Number and working habits in alfalfa, The species is found in 
alfalfa from its first days of flowering. The frequency of this bee in 
alfalfa fields at Ultuna was 57 specimens per heetare in 1947 accord- 
ing to 21 counts on an area of 1 050 m^, and 169 per heetare in 1948 
acoording to 39 counts on 2 074 m^. Its visiting rate, as calculated 
from 70 flowers visited in 4 min. and 40 sec., is 15 flowers per min- 
ute. The flowers visited are practically all tripped; from 70 visited 
flowers 68 or 97 % were tripped. 

As no information is to be found in the literature concerning the 
nesting habits of this bee, and such knowledge is considered irnpor- 
tant in possibly raising its population, artifieial means were intro- 
duced to explore its nesting habits. 

For this purpose female as well as male individuals were i)ut in 
a eago 6 x 2 x 2 m. on flowering alfalfa in the middle of July, 1948. 
In this were placed also boxes with gravöl and loam. At one end 
the soil in the boxes was sloped so as to reseinble a ditch or a hill- 
side. The soil materiel was provided with bits of reed to explore 
whether artifieial holes are preferred. At first the bees did not 
Work for some days, then two Melitta females were seen collecting 
])ollen. For some time the si te of the nests could not be discovered 
because the bees, aft(‘.r collecting pellets, rested a short while, and 
then took to rapid flight, disappearing instantly. At last one hole 
was discovered near one plank of the woodeii cage-frame, and the 
other in the box with loam in a crae.k near the side of the box. The 
position indicates that the bees prefer a somewhat concealed entrance 
to the nest. The diameter of the entran(*,e was 0.6 cm. After care- 
fully digging u]) the nest near the plank it was found that at a depth 
of 2 cm. a side-way branched off. At the depth of 3.2—6.2 em. and 
approximately at the same distance to the side from the entrance 
there were found 15 separate cells having eggs and larvae of different 
ages. The cells were 0.6 cm. in diameter and 1.2 cm. long, at botli 
ends somewhat conical. The inner walls of these cells, except for 
one end, were covered with a thin coating of a wax-like substanee. 
The position of the cells varied from horizontal to upright, thus be- 
ing mostly in a slanting position. The storage of feed consisted of a 
ball of pollen deposited in one end of the cell and shaped conically 
towards the middle of the cell. The food supply was 80—115 mg. in 
weight and, on one side of the cone, the egg or the larva was dej)os- 
ited. The consistence of the storage bali was approximately that 
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of tbe fresh pellet. As apparently no special preparation of the food 
took place, the deposition of pellets is carried out in a short time, 
i. e. about 6 minutes. The collecting of full pellets in caged condi- 
tions required half an hour. The larvae were glassy white, and in 
the more developed stages the yellow pollen-food was transparent 
through the skin. 

As the male individuals af ter a heavy rain (28 mm.) on the 2nd of 
August, 1948, were seen flying the following day, the females could 
not be observed. Only on August 4th was a female to be seen clcan- 
ing herself from the dirt of the soil. It is probable that females, 
when not working in the fields, 8j)end their time in nests, and an 
occasional flood might then damage tliem. To what extent the 
soaking of the soil might be detrimental to the brood, cannot as yet 
be ascertained. That ploughing the soil might damage the brood is 
coneeivable. However, the heavy rain on the 5th of July, 1948, did 
not diniinish the number of the bees in the alfalfa field. It is i>ossible 
that, at this time, all bees had not yet left their oocoons, as they 
are an oligolcctic species, i. e. adapted to the flowering time of a 
few plant species. In Denmark Jör(;enhen (9) found their flying 
time to be July—August. 

Eueera longirornis. A small number of this species was observed 
in alfalfa in 1948 — on an average 82 8i)e(imen8 per hec.tare in the 
flowering period. Like B, terrestris its number was greater at the 
begiiining of the flowering period (359 specimens per ha), and drof)- 
ped strongly af ter the heavy rain on July 5th. It was studied under 
caged conditions. Under such circumstances il. worked more lazily, 
visiting and tripping 42 flowers in tlu^ observation time of (> minutes 
or at a rate of 7 per rninute. After colh^cting full pellets in half an 
hour the bee rested for a while and then darted away like th(» Melitta 
and disappeared. In contrast to the Melitta^ the entrance of the nest 
— a hole in diameter of 0.8 cm. — was located in an oi)en troddeu 
l)la(*e and was observed some days before it was identified by direct 
observations as belonging to the Eueera, A rema.rkable differen(*-e 
from the Mdiita was that, while the Mvlitta needed only a few min¬ 
utes to get free of its pellets, the Eucera remained in the hole up 
to an hour. By digging up the nest-, the cause was discovered: the 
brood-cell 0.8 x 1.8 cm. was situated vertically and on the bottom of 
it at a depth of 0.5—0.0 cm. there were food reserves consisting of 
a yellow viscous fluid on whicli the egg or larva was swimrning. It 
is understandable that the preparation of such a fluid from pellets 
r(‘quire a relatively long time. The food is in some way fermented as 
the artificial preparation by boiling the pellets with a sugar solution 
did not achieve the same homogeneous consistence as the viscious 
natural food-fluid. Nevertheless, some of the more developed grubs 
did consume the artificial food prepared by boiling pellets obtained 
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from honey bees with a 3% sugar solution into a cream-like con- 
sistence. 

One of them could be reared up into a fullgrown lar\"a. Others 
died from infection. The cells of the brood wcre found to be only 
7 in number, indicating a lower productivity of this bee relative to 
Melitta. The cells had a porous covering on the upper end. It could 
be clearly observed that a hcavy rain might seriously Aveaken or 
destroy the adults, because aftor the rain on August 2nå the bee was 
found two days later near its hole with its wings elogged with earth 
and unable to fly. 

Whether sheltered sites surrounded by shallow furrows to drain 
the surface water would be attrac.tiv^e to these as well as to Melitta 
bees, is a matter for further investigation. 

The bees of the species Megachile are recorded as outstanding 
pollinators of alfalfa in the IT. IS. A., (^anada, and Argentina. In our 
loealities, Megachile willughbiella was observed every year, but in 
systematic counts it was recorded only in the years 1947 and 1948 
in the small numbers of 19 and 5 spedmens per ha, respectively. 
It was observed to visit 20 flowers per miiiute in the ox)en field, and 
10 under caged (‘onditions. The flowers were all trii)ped. Its nesting 
habits were examined in 1947 in a smaller etage, where a bundle of 
reeds was plaited horizontally approximattdy one foot above the 
ground. Tlie bee was observed to trip the flowers, and its (tocoons 
wx*re found in one of the reeds. In 1948, when studied under caged 
conditions, it was found to nest in the box with gravel, On the sloped 
side of the box it had, at a depth of 0 cin., larva wrapx)ed in leaves, 
and perp<mdicularly to the». first a second one. Jn neither year was 
it observed to use the solid ground as a nesting site. The 8uggt\stions 
made by Pegk and Holton (1. c.) that the Megachile sliould be 
X)rovided with bored holes in horizontally xdaced logs could be of 
value, be(*au8e as stated above, they need ready holes or ground 
easy to work at. Slabejn (20) is of the opinion that places covered 
with gravel might be attraetive to some Megachile species, which 
having nesting sites in the vicinity of alfalfa, could further the pol- 
lination of this plant. 

Apis mellifica. 

In field conditions, at a low trix)X)ing efficierujy on Lho wliole, no 
difference in working habits was observed betwccn the two varieties, 
as mentioned above. At Ultuna the average number of bees per 
hectare w^as found to be as follows: 1945 — 26 882, 1946 — 13 188, 
1947 — 7 153, 1948 — 13 206. As the number of bee (‘olonies in the 
vicinity did not fluetuate to any considerable extent, the fluetua- 
tion in the number of alfalfa visiting bees is presumably due to other 
neetar crops or wild plants in the neighbourhood and comi)etirig 
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with alfalfa. A very interesting observation was made at Gränna in 
1948, where up to July 17th the honey-bees did not visit the alfalfa 
field; but in the neighbouring wheat field they were found in large 
niunbers of up to 24 000 per ha on the weed Gentaurea cyanus. After 
that date they turned to alfalfa and visited it imtil the end of the 
flowering, the average number of bees being 7 924 per hectare. 

Under field conditions during the years 1945—1948 a total of 
1 962 flowers were observed to be visited in 113 minutes, i. e. a 
visiting rate of 17.4 flowers per minute. Of 8 548 flowers visited 
only 71 or 0.83% were tripped, a finding which does not deviate 
from our (1) earlier observations. As it was sometimes observed 
that honey-bees caused tripping without touching the staminal 
(u)lumn with any part of their body, it may be questioned whether 
their ability of cross-pollination is as high as that of the wild bees. 

During the first days of alfalfa flowering, the honey-bees are not 
accustomed to alfalfa flowers and go direct to flowers, thus causing 
frequent tripping. Accordingly, it was observed on the 5th of July, 
1947, that of 9 flowers 5 were tripped. In the cage with alfalfa, where 
the bees were transported from a red clover cage, 3 bees were ob¬ 
served to trip flowers in search for nectar. On the 2nd of July, 1948, 
there were seen 2 bees having pellets, and some others collecting 
the pollen from tripped flowers. Jöbgensen (8) has already pointed 
out this stränge behaviour of honey-bees during the first days of 
flowering alfalfa. Usually the bee obtained nectar by inserting its 
snout inside the flower between the keel and one of the wings. In 
the above mentioned exceptional cases the bee goes astraddle ilie 
keel inserting its snout into the rniddle of the flower betwe<m both 
wings, thus touching the trigger mechanism. The released staminal 
column snaps the upper parts of the mouth under the head of the 
bee with its upper end, thus holding the bee for a considerable time. 
The bee has to make great efforts to get free again. The smaller 
flowers were (2) suggested to perhaps be advantageous in this re- 
spect. That proved to be the case, for in 1948 we observed in a green- 
house 2 bees tripping flowers of Medieago coerulea, which are much 
smaller than those of M. sativa. One bee tripped 12, the other 16 
flowers without being cai)tured — the staminal column not reaching 
the head but gliding smoothly along the proboscis. If M. cofrulea, 
however, is planted airiong M. sativa in the open field, the bees 
treat it in the same way as common alfalfa, i. e. by inserting the 
snout at the side. The point of importance for practical breeding 
Work is the fact that the plants that are advantageous to honey- 
bee tripping cannot be detected unless they are visited by unaccus- 
tomed bees, or grown in large plots which accustom the bees to a 
proper handling of the flowers. 

In 1948 an experiment was designed to test the tripping causes 
under natural conditions. One plot of identical clone plants was 
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guarded by a person frightening away the insects during the greatest 
part of the daytime; the other plot of the same size was left to all 
natural influences, including insects. In the latter plot, insect rec- 
ords were taken 3—4 times daily, and after the end of the guarding 
period all the fresh flowers, i. e. those not tripped or freshly tripped, 
were counted in order to find the amount of flowers that had been 
available to tripping by the insects. When the first plot was not 
guarded, both plots were enclosed in cheese-cloth cages. A nurn- 
ber of flowers in each plot were marked, and twico each day, i. e. 
at the uncovering in the mornings and at the covering in the after- 
noons, the tripped flowers were reinoved and recorded. In the 
course of the experiment fresh flowers were added. The results of 
trippings in both plots are summarized in Table 2. As a supplement 
to these two plots, a third one w^as eovered with cheese-cloth cage 
at the beginning of alfalfa flowering and left untouched the whole 
time. In this cage, of 256 marked flowers only a single one was 
found to be tripped in the i)eriod, the first two b<dng under experi- 
mentation. 

In the exposed plot, 128 Apis mellifim and 3 MegacMle wilUigh- 
biella spccimens were recorded in 21 counts, i. e. an av’^erage of 0.1 
Apis rncUifiea and 0.14 MegacMle were at work iii this i)lot. The 
iiumber of flowers available were found to be 9 050. If the ratios 
of rate of the visiting and tripping efficiency of both spe(*ies of bees 
— i. e. 17.4 and 0.83 with regard to the honey-bee, and 20 and 100 
with r(\gard to the MegacMle — are taken, it can be calculated that, 
as to the honey-bee, 0.58 flowers of 100 can be considered tripped 
per hour, and 1.80 by the McgaMle, If the amount of automatically 
trii)ped flowers in the guarded plot, i. e. 1.03, is added, there, never- 
theless, rcjnains a cousiderable gap of 1.27 flowers. ()n(* i)ossibh‘ 
explanatiou of this is the probable error owing to the fac.t that too 
few observ^^ations were made as to the number of the bees. But 
if we consider that (»very flower received an average of 5 visits 
from the honey-bee per day, it is eomprehensible that the emptying 
and refilling of neelar ean induce ])hysiological atitivity in flower 
parts, resnlting in a shift to more turgid conditions in the staminal 
eolumn as to the restraining force of the petal nieehanism, and thus 
result in automatic tripping. Also the slight but eonstantly more 
tripping during the eovered period of the unguarded plot vs. the 
guarded one speaks in favour of this explanation. The above per- 
manently eovered sux)plementary plot, whieh had almost no trip- 
ping at all, although flowering abundantly, point-s to direct sunliglit 
as the source for initiating the ability of automatic trii)ping, i. e. 
the initiation of some physiological i)rocesse8. 

Under caged conditions in 1946 the bees were (1) observed collect- 
ing pollen and tripping the flowers at the rate of 72 %. In 1947 the 
tripped flowers were counted iiiside and outside the cage; of 505 
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Table 2. Tripping recoräs in nnguarded and guarded plots, and in 
covered and exposed periods. 



Dato 

No. oi 
flowcrs 

No. of 
hours 

Trippod flowers 
No. j % 

Of 100 
flowers 
tripped in 
1 hour 


Covered 




Tlio uiiguardecl plot 

July 20/27 

204 

16.0 

9 

4.41 

0.28 


21I2H 

110 

16.0 

7 

6.36 

0.40 


28/29 

127 

16.0 

2 

1.57 

0.10 


29/30 

58 

16.0 

1 

1.72 

0.11 


30/31 

88 

16 0 

9 

10.23 

0.64 


31 ~ 







Aug. 2 

186 

43.5 

29 

15..59 

0.36 






Average 

0.32 


K X posed 





.luly 27 

195 

8.0 

85 

43.59 

5.45 


28 

213 

8.0 

86 

40.38 

5.05 


29 

125 

8 0 

67 

53.60 

6.70 


30 

144 

8.0 

56 

38.89 

4.86 


31 

173 

4.5 

29 

16.76 

3.72 

1 

Aug. 2 

157 

5.5 

54 

34.39 

6.25 






Average 

5.34 

1 

t/overed 




The guardeil plot 

July 26'27 

197 

16.0 

9 

4.57 

0.29 


27/28 

132 

16.5 

2 

1.52 

0.09 


28'29 

186 

16.5 

0 

0.00 

0.00 


29/30 

226 

16.5 

3 

1.33 

0.08 


30 31 

209 

16.5 

3 

1.44 

0.09 


31 — 







Aug. 2 

253 

43.0 

9 

3.56 

0.08 






Average 

0.11 


Exposed 




July 27 

188 

7.5 

66 1 

1 29.79 

3.97 

28 

211 

7.5 

25 

I 11.85 

1.58 


29 

243 

7.5 

17 

7.00 

0.93 


30 

223 

7.5 

14 

6.28 

0.84 


31 

227 

4.0 

14 

6.17 

1.54 


Aug. 2 

244 

6.0 

11 

4.51 

0.90 






Average 

1.63 
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exaxriined flowers outside the cage a number of 40 or 7.9% were 
tripped, and of 513 flowers inside the cage 290 or 56.5 % were tripped. 
Besides the usual tripping manner described above, we observed 
the way mentioned by Vansell and Todd (24) in whicdi soine bees 
took their position astraddle the standard and reeeived the puneh 
between the eyes. It was noted that flowers tripped in this way did 
not capture, the bees. 

Jn the year 1946 the bees whicli tripped the flowers under c.aged 
eonditions were observed to be of the northern race. No attentioii 
was at first paid to this observation. In 1947 there was noted a 
differen<}e between a colony of Italian bees and one of the northern 
race. The Italian bees were caged with flowering alfalfa, but did not 
trip th<^ flowers even af ter supplying thein with two combs of addi¬ 
tional young broods and eggs in order to stress the necessity of i)ol- 
len food. This remained the case during the whole first-growth flow- 
(‘ring period. Then the eage with bees was transferred to a second- 
growth flowering alfalfa. Even here the eolony of Italian bees did 
not work. Then it was taken away and a colony of the black race 
was introdu(*ed into the cage. These began to tri]) the flowers on 
the third day, and worked diligently at it. The explanation niay 
be thought of as being in the difference between the two eolonies 
belonging casnally to two races. The differences in the diligence of 
individual eolonies in gathering neetar is indeed a well-known faet. 

As the honey bee is the only species of alfalfa pollinating inseets 
under full control of rnan, it is worthy of further investigations, 
which should inelude all the available ra(*.es of (joinmon honey-bees 
as well as relatcd species, e. g. Apis indica. 


Summary. 

In the years 1945—1948 investigations were undertaken in sev- 
eral localities of Central Sweden in order to obtain data on the 
pollinating inseets of alfalfa. 

As noteworthy pollinating agents were found bees of the species 
Bombus terrestris L., Melitta leporina Panz., Eucera longivornis L., 
Megachile willughbiella Kirb. from wild-bee species, and the cominon 
honey-bee Apis mellifica L. 

Bombus terrestris is the most common species encountered as pol¬ 
linating agent at a number of up to 2 315 in the locality of Gränna, 
1948. Its visiting rate was found to be 10.4 flow^ers per minute, and 
its tripping efficiency 78% if collecting pollen. Its high rate of 
reproduetion under favourable eonditions was noteworthy. 

Melitta leporina was recorded at a number of 57 to 169 per ha. 
Its visiting rate was estimated at 15 flowers per minute, and its 
tripping efficiency 97 %. Nesting habits were explored under caged 
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conditions, and the bee was found nesting in solid ground. The food 
reserves for the brood were of pollen of the consistence of fresh pellets. 

Eucera longieornis were more frequent only in 1948 when 82 spee- 
imens per hectare were counted. Under caged conditions its vis- 
iting rate was only Y flowers per minute, all the flowers visited 
being tripped. Its nests are found in solid ground, and the food 
reserve of the brood is a viscous fluid, presumably fennented pollen 
and nectar. 

MegacMle willughhiellaj although occasionally seen each year, 
was found only at the small number of 19 and 5 in the years 1947 
and 1948. Its visiting rate in field conditions was 20 flowers per 
minute, and its tripping effieiency 100 %. As nesting sites it prefers 
ready-made holes and gravel, and is thus available to the aid given 
by men. 

Apis mclUfica visits alfalfa at the high rate of 7 153 to 26 882 per 
hectare according to observations in different years. Its visiting 
rate was 17.4 flowers per minute with a tripping effieiency of only 
0.83%. Somo indications were obtained that it aids the automatic 
tripping of visited flowers. Under caged (ionditions, however, their 
effieiency may amount to the rate of that of pollinating wild bees. 
Uifferences between colonies belonging to different races were found 
to be conspi(uious. 
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Table 2. Cobalt content in hay from long-term fertilizing experiments 
with 10 kg of the cobalt salt (chryst.^ 6 JBL^P) per hectare, on peat soils 
at Gisselås and Brännberg, northern Sweden, Both experiments were 
started in the spring of 1943. Figures in p. p. m. 




B ränn berg 

Controls without Co. 

0.03 or lower 

0.05, '0.10 

Top-dressed plots 1944. 

0.16 

1.1 

» » 1945. 

— 

0.8 

» » 1946. 

0.10 

0.59, 0.64 

» » 1947. 

0.11. 0.11 

0.49, 0.53 i 


experiments with cobalt chloride on peat soils in northern Sweden, 
at the State Exp. Farms of Gisselås and Brännberg. 

Tn contrast to the retarded action of copper as a top-dressing on 
the same soils, a fertilizing with cobalt acts more immediately and 
has its greatest effect during the first year of iiivestigation. On 
the soil extremely deficient in cobalt at Gisselås, the quantity of 
10 kg of the (cobalt salt per hectare, rather great as eompared with 
international advise, seems to be quite necessary, if a cobalt con¬ 
tent of abont 0.1 p. p. m. in the hay is worth attaining. On the 
Brännberg peat, on the other hand, half of this quantity, or even 
less, should probably be a sufficient amonnt for this purpose. The 
duration of the effect of cobalt-dressing on soils of this kind is 
obviously at least five years — possibly much more than that, 
At the same tirne it seems to be of little or no importance whether 
the cobalt salt is given as a top-dressing or ploughed down into the 
soil, whic.h is necessary in the e.ase of copper in order to ensure an 
irn mediate effect. 

The results of tlie cobalt fertilizing experiments offer other in¬ 
formation, possibly of some jdant physiological interest. When 
fertilized with increasing qiiantities of copi>er, the copper content 
of pasture plants gradually rises from subnormal to normal values, 
but as a rule not to a much higher content, even if the copper is 
given in rather great amounts, e. g. 250 kg of c.opper sulphate per 
hectare. In the case of cobalt, however, no such »normal» value 
seems to exist, the cobalt content in the crop beiiig easily increased 
to amounts, unknown under natural conditions and probably of 
no significance to the plants. 

The differences found in regard to the action of copper and cobalt 
on the contents of these metals in vegetation in long-term fertilizing 
experiments, was in a series of analyses eompared with the migra- 
tion of the two elements downwards into the soil (Table 3). 

In the cobalt series, after five years, nearly 98 p ct of the quantity 
used as a top-dressing could be deteeted in the upper 5 cm, 2.0 p 
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Table 3. The distribution of oobalt and of eopper at different depths 
under the soil surface five years aper top-dressing with 10 leg of cobalt 
chloride and 100 leg of eopper sulphate, respeetively, in a peat soil at 
Oisselås in norihern Sweden. Figures in p, p. m., mean values. 


Depth under 
Boil surface 

cm 

Cobalt 


C o p p 6 r 


Control 

plot 

Fertilized 

plot 

Difference 

Control 

plot 

Fertilized 

plot 

Difference 

0—5 

0.49 

31.6 

31.1 

6.0 

i 240 

234 

5—10 

0.26 
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ct in the 5—10, and only 0.03 i) ct 10—16 cin under the soil sur¬ 
face. The corresponding figures of eopper were 96.5 p ct, 3.5 p ct, 
and nil, respectively. In both cases, of course, an effeetive fixation 
of the minor inetal takes place in the upper layer of the top soil. 
As to the migration of these metals no such differcnce seems to 
exist, which might explain the more rapid availability of cobalt 
to vegetation. Probably the plants have the capacity of assimi- 
lating cobalt from much higher dilutions in the environmeiit — 
impossible to detect — than is the case with eopper. 

The aceumulation of cobalt in the upper layer of the soil on the 
control plots not fertilized with this metal, is also of some interest. 
Even if the vegetation has a cobalt content, which amounts to only 
about one tenth of that of peat, there is a relatively clear migration 
of this metal upwards in the soil. The soil microflora, if it has the 
same capacity of assimilating cobalt as the microflora in the ruinen 
of sheep, might be able to contribute to this effee^t, thus protecting 
the cobalt from leaching with water from the top soil. 

On a Virgin soil such an enrichment of the surface may result 
from a number of contributing faetors. The biogenetical material, 
which during centuries has aceumulated on the surface, ineludes 
the outputs of wild birds and other animals which have x>rocured 
their nutrition from other environments richer in cobalt. After 
the surrounding experiment plots having been fertilized with cobalt 
salt, such an enrichment with cobalt on the surface of control plots 
may be partly caused by different small ereatures, living within 
a more limited surface. 

Summary and Diseussion. 

In contrast to a conception arrived at by the faet that in young 
cattle enzootic marasmus and related diseases of dairy cows in 
Sweden are, as a rule, successfully controlled by means of earlier 
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well-known measures in farming and feeding, the hay and pasture 
plants on a number of light mineral and, above all, on peat soils 
in this country are rather poor in cobalt, down to 0.03 p. p. m. and 
sometimes still lower values. The analyses, however, were carried 
out by means of a new method by Ekman and Lundell, as far 
as possible avoiding systematical, positive errors. 

The conditions on the State Exp. Farm of Gisselås in northern 
Sweden were found to be especially interesting in this respect. 
Without an earlier supply of molasses and imported concentrates 
in the beginning of World War II, it proved necessary to improve 
the fodder with supplies of copper in order to arrive at satisfactory 
conditions in the hcrd. This measnre was clearly indicated by the 
fact that hay and pasture on this farm, if not fertilized with copper, 
only contains about 2 p. p. m. of this metal. Former difficulties 
with the animals, which might draw attention to the possibility 
of a shortage of cobalt, scarcely remained, in spite of the cobalt 
analyses of hay and jjasture indicating only about 0.03 p. p. m. of 
(*.obalt or less. Enders suggestion that results of this kind may be 
explained by a cobolt content in the (not cobaltized) fodder phos- 
phate, may have some significance, but if this is the case, it remains 
unexplained why these minerals should be rieher in cobalt in Sweden 
than in Norway. Other contributions to this problem are disemssed, 
but there remains one possibility arising from the discovery by 
Tosto and Mitchell that cobalt may have a funetion of the micro- 
flora of runiinants, which is of a great importance for the digestion 
of the fodder stuffs. After this observation it can be supposed 
that a different pedigree of yeast and fungi may have different 
requirements on the cobalt content in their nutritional environ- 
jiient. According to Hoflund and Hedström (1944, 1946) in 
this cDuntry, rumen micro-flora has, inter alia, special requirements 
on tlie following two substances: sugar or other easily fermentable 
carbohydrates and phoaphoric acid, to which it seems that the 
trace metal cobalt must now be added. In regard to other nutri¬ 
tional faetors, however, good conditions may bring about possi- 
bilities for a greater number of micro-organisms with different 
requirements of, e. g., the last mentioned of these environmental 
faetors, and allow their development and multiplication. 

Secondary symptoms of malnutrition in dairy cows, such as 
acetonaunia, has in Sweden at times attraeted a greater attention 
in connection with the cobalt problems than the symptoms in young 
cattle, described by various authors as being typical of cobalt 
deficiency in its most critical form. 

Long-term fertilizing experiments with cobalt chloride on peat 
soils in Sweden gave results, whi(h in some details differs from 
what was earlier known about the action of copper as a fertilizer. 
In spite of a pronounced fixation of cobalt in the upper layers of 
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the soil, this metal was much more availablo to vegetation, and its 
action more immodiate than that of copper. According to the 
observations made, liowever, the interest in fertilizing soils with 
cobalt in Sweden is not great, the cobalt problem in this coiintry, 
on the whole, being probably a question of a minority of animal 
husbandry. An exception from this rule, of course, is sheep-farming, 
rather many liay and pasture samples showing a cobalt status, 
sufficient for cattle, but probably quite insufficient for ewes and 
lambs. 

The authors wish to express their gratitude to Mr Karl Lundblad 
for the intercsting samples from fertilizing experiments in trace 
elements and to Miss Karin Lundell for kind help in the analyti- 
cal Work. 


Literature, 

Askov, H. o., and Dixon, K. J., 1936. The Importance of Cobalt iii the 
Treatment of cortain Stock Ailmonts in tho Soutli Island, New Zea- 
land. New Zealand J. Sci. Tech. IS, 73—92. (C\ A. 30, 7698, and 
Ohilean Nitr. Bibliogr. on Minor Elements, IVitii Ed., 1, 618.) 

Bendixen, H. c. and Pedersen, .1. (k A., 1945. En Utrivelighedssygdoin 
hos Kvaeg (A doficiency Disoase in (-attle). Medlemsblad for Den 
dansko Dyrlaegeforenmg 28. Kepr. 1—SS. 

-, 1946. Fortsatte Undersogelser over Koboltmangolsygdommen vosk 

eller voskhed (Acobaltosis) hos Kvaeg (Continnod InvestigatioriK 
into Ckjbalt Deficiency Disease A(;obaltosis in Cattle). Don Kgl. 
Vetorinaer- og Landbohojskole, Aarsskrift, 80 113. 

Bertrand, c., and Macheboextf, M., 1925. Kecherches sur la prösonce 
du nickel et du cobalt choz los animaux. C. R. Acad. Sci. ISO, 1380 
and 1993. 

Ekman, P., and Lundell, K., 1949. The Determination of Cobalt and 
C^opper in botanical material. These Annals. 16. 531—544. 

Ender. F., 1944. Sporelernentens etiologiske og terapeutiske betydning 
ved specielle mangelsykdommer etc. Koboltmangol som sykdoms- 
årsak. Norsk Vetorinaer-Tidsskrift 5, 173 -186. 

Ender, F., and Tanancjer, 1. W., 1946. Fortsatte undersokolsor over 
årsaksforholdeno ved mangelsykdommer hos storfe og sau. Kobolt¬ 
mangol etc. (Further Tnvestigations oii tho Etiology of doficiency 
Disoases in Cattle and Shoep. Lack of Cobalt otc.) Norsk Veteri- 
naer-Tidsskrift, 9 — 10, 313 384. 

CIrimmet, R. E, R., 1937—38. C^hemistry Soction. Cobalt in Pasture Her- 
bage. New Zealand Dept. Agr. Ann. Rept. 57—62. (C. A, 33, 3051, 
and Chilean Nitr. Bibliogr. on Minor Elements, lV:th Ed., I, 629.) 
Cf Hopkirk and Grimmet. 



Cobalt in Swedish Hay and Soils 


567 


Hallgren, W., and Sandstbdt, 1947. Koboltbehandling vid aceton- 
ämi. Svensk Veterinärtidskrift 52, 89—93. 

Hedström, H., and Hoflxtnd, S., 1944. Om digestionen i våinmen särskilt 
med tanke på skravelsjuka och aseptikemiska sjukdomar hos kalv 
(On Digestion in the Rumen, especially with regard to Emaciation 
and asepticemic Diseasos in Calves). Skandinavisk Voterinärtid- 
skrift 34, 513-—533. 

Hoflttnd, S., and Hedström, H., 1946. Fortsatta underscikningar över 
våmmens fysiologi (Coutinuod observations ovor the physiology of 
the ruinen). Skandinavisk Vetermärtidskrift 36, 129 -160, 

Hopktrk:, c. S. M., and Grimmet, R. E. R., 1938. Irnportanco of Cobalt. 
New Zoalaiid J. of Agriculture, 56 (21— 24, correction note p, 155 
in a communication by K. .1. Mc Nanght). 

Lines, E. W., 1935. The Effect of the Ingestion of minute Quantities of 
Cobalt by Shoop affected with »Coast Diseaso»: a preliminary note. 
J. Coiinc. Sci. Jndust. Ros. Austral. 8, 117—119. 

Marston, H. R., 1939. Ruminant Nutrition. Ami. Rev. Biochem., 8, 
557—578. 

Maynard, L. a., and Smith, S. E., 1947. Mineral Motabolism. Ann. Rev. 
Biochem., 16, 273- 290. 

Mttchell, R. L., 1945. Cobalt and Nickel in Soils and Plants. Soil Sci. 
60, 63- -70. 

Olsson, E., 1948. Försök med kobolt-tillskott åt nötkreatur i besättningar 
med bestående bristsjukdomsbesvär av skravelsjiikenatur. vSkandi- 
navisk Voterinär-Tidskr. 625—641. 

Stenberg, M., Ekman, P., Lttndblad, K., and Svanberg, O., 1949. Om 
kopparhalt i jord ocli vegetation och resultat av fleråriga gödslings- 
forsok i koppar (The Copper Content of Soils and Crops and the Re- 
sults of Long-term Fertihzing Experiments with Copper). Modd. 
fr. K. Lantbruksakademiens Vetenskapsavdelning Nr 4, 1-106. 

Tosic, J., and Mitchell, R. L., 1948. Concentration of C^obalt by Micro- 
Organisms and its Relation to (^obalt Deficiency m Sheep. Natiire 
162, 502. 

Underwood, E. and Filmer, .1. F., 1935. The Deiermination of the 
biologically potent Element (Cobalt) in Limonite. Australiau Vet. 
J. 11, 84—92. (C. A. 29, 7011, and ('hilean Nitr. Bibliogr. on Minor 
Elements, lV:th Ed., I, 643.) 

Underwood, E. »1., 1940. The Significance of the »Trace Elements» in 
Nutrition. Nutr. Abstr. and Rev. 9, 515—534. 


MS. Tpceivcd Mar<*h 14th, 1049. 
Print«‘d Jiily 27th, 1940. 




THE ANNALS OF THE ROYAL AGRICULTURAL COLLEGE OF SWEDEN 

Vol. 16. 


Experiments on magnesium fertilization. 

By KARL LUNDBLAD. 

From the National Agronomy Experiment Station. 


Introduction. 

Magnesium is one of thc 10 elements which may be <*.alled »clas- 
sical» plant nutrients. Its indispensability lias been known for 
about 100 years. When Willståtter found that magnesium is 
a constituent of ehlorophyll the need of magnesium was explaiiied. 
It should be pointed out, thougli, that ehlorophyll accounts for 
only a lesser part of the magnesium neeessary to normal plant 
growth. But, if the total magnesium content of a plant is diminished 
below a certain minimum, ehlorophyll defeets will appear. 

On an average, the dry niatter of vegetation eontains about 
0.2 % magnesium. Thus this metal lakes the tliird plaee — after 
potassium and caleium — among the metallie eonstituents of plants 
(Svanberg & Ekman 1946, table 1). The magnesium content is 
e.omparable to that of phosphorus. Despite this faet magnesium 
fertilizers are very rarely used, intentionally, in Sweden, Avhereas 
phosphates are indispensable on a majority of the agricultural 
soils in order to seeure a normal yield. The explanation is that 
our soils eontaiii far more magnesimn than phosphorus. Further- 
more, a eonsiderable part of the magnesium neeessary is supplied, 
unintentionally, by farmyard manure and eommereial fertilizers 
used for their content of other plant nutrients. 

From relevant analyses and computations the aeeessible part 
of the earth eontains 1.93 per cent magnesium. Potassium and so- 
dium eontents are of a similar magnitude. The potassium uptake 
of plants is about seven times as large as the magnesium uptake. 
Thus it is easily explained why potassium defieiency of soils is 
much more common than magnesium defieiency. The very com- 
mon phosphorus defieiency may be explained in the same way: 
the phosphorus content of the earth’8 crust is about a twentieth 
part of the magnesium content, whereas plants consume about the 
same quantities of these elements. 

The average magnesium content of agricultural soils is far less 
than 1.93 per cent. The Geological Survey of Sweden has published 



Experiments on magnesium fertilization 


569 


many analyses of Swedish soils. On an average, the clay soils seem 
to contain less, and sometimes considerably less, than half the 
amount mentioned above. Assorted coarser soils — gravel, sand 
and silt — generally contain less magnesium than the clays, because 
many minerals, rich in magnesium, were decomposed during the 
formation of those soils. Moraine soils vary very much. The com- 
mon granite and gneiss moraines may contain as much magnesium 
as do the average clays, but the content may also be as low as one 
or two tenths of a per cent. On the other hand, if the original rocks 
contained considerable amounts of minerals, rich in magnesium, 
the magnesium content of the moraine may be rather high. Peat 
soils, in a natural condition, are generally poor in magnesium as 
well as in other mineral constituents. 

The Swedish moraine soils were formed during the latest glacia- 
tions of the Northern hemispliere. Assorted soils were formed 
during and after that time as deposits in water. Upheaval of the 
earth’s crust after glaciation has brought, and is still bringing, large 
areas of these soils above sea level. All the peat soils are post- 
glacial. One might say that all Swedish soils are »young soils». 
Still, weathering has changed the surface soils, and for climatical 
reasons a podsolic type of weathering predominates. This means 
that the strong bases, among others magnesium, are washed out 
from the surface soil. 

The total Chemical denudation has becn investigated by several 
scientisis. Hofman-Bang (1904) analysed river and spring waters 
and combined the analyses with estimatcs of the quantity of water 
running out. In those parts of Sweden, where clay and other fine 
fractions dominate in the soils, the Chemical denudation is rather 
large. As an example may be mentioned the district drained by 
the river Fyris, running through the city of Uppsala. It is estima- 
ted that the total denudation in this part of the country amounts 
to about 300 kilogrammes per heclare annually, whereof 2 per 
cent, viz. 6 kilogrammes, are magnesium. The very large areas 
of the country, where archaean rocks and more or less coarse moraines 
of such material predominate, are more slowly denuded, the ave¬ 
rage aiinual denudation amounting to about 90 kilogrammes per 
hectare, or slightly more. About per cent of this amount is 
magnesium, i. e. nearly ^/g kilogramme per annum. It is well 
known that the denudation is greater in arable land than in wooded 
areas. Therefore, the figures mentioned should be increased in 
order to get a true picture of the loss of magnesium in agricultural 
soils. Furthermore the weathering of the upper soil layers is most 
interesting in this case. We lack the comprehensive lysimeter 
studies necessary for exact information about these things in the 
case of our different soil types. Oomparisons with data from other 
countries give some help. We may safely conclude that the annual 
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loss of magnesium by leaching is hardly less than 3 kilogramme per 
hectare in any Swedish agricultural soil. The maximum leaching may 
amount to 10 kilogrammes per annum, or perhaps somewhat more. 

In natural weathering calcium is more rapidly leached than 
magnesium (Mattson & Karlsson 1944). In the case of peat soils, 
where there is no supply of unweathered mineral matter, the result 
will be that the magnesium: calcium ratio available for plants is 
widened. Kain water contains more magnesium than calcium 
(Mattson, Sandberg & Terntng 3944), and this fact naturally 
contributes to a further widening of the ratio mentioned. Nearly 
all peat soils need phosphorus and potassium fertilizers, and the 
majority of such soils also need liming in order to yield good arable 
land. If the lime used is poor in magnesium the result might be a 
magnesium deficiency. But fertilization tends to give the opposite 
result. A lot of magnesium is given in basic slag, which is a rather 
common phosphate fertilizer on peat soils. It was also a common 
practice formerly to use low percentage potash fertilizers on peat 
soils, and the magnesium content of these fertilizers was generally 
rather high. These facts may be an acceptable explanation why 
no case of serious magnesium deficiency is recorded in cultivated 
Swedish peat soils. 

According to Svanberg & Ekman the average yearly loss of 
magnesium by cropping amounts to about 7 kilogrammes per hec¬ 
tare. The same authors state that about 70 per cent of this aniouiii 
is carried back to the soil in farmyard manure under present con- 
ditions of mixed farming, i. e. the combinations with animal hus- 
bandry prevalent up till now in this country. The ne t amount of 
magnesium lost to the soil, per hec¬tare, by cropping would be about 
2 kilogrammes a year. If we add the amount lost by leaching — 
whi(*.h naturally comprises the magnesium content of the rain water — 
we find that the total annual exploitation of soil magnesium in 
different Swedish agricultural soils may be soniething between 3 
and 32 kilogrammes per hectare, provided that no magnesium is 
added in commercial fertilizers. The average content of magnesium 
in Swedish clay soils and, as a rule, also in the moraine soils seems 
to be high enough to permit a weathering of that size for a con- 
siderable time. It may be more doubtful in the case of gravelly and 
sandy soils. 


A historical review of magnesium fertilization in Swedish 
agricultural practice. 

Already about 90 years ago it was stated in agricultural text¬ 
books that magnesium may be necessary as a fertilizer in Swedish 
crop production. At that time Juhlin-Dannfelt published his 
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translation of the well-known text-book of Stephens (Stephens 
1858). The comparatively large consxiinption of magnesiuin by 
potato crops is mentioned in this book (part II, p. 378—379). There 
are also instructions for suitable means of supplying magnesium 
to the crops. At that time it was recommended that practically 
all soils should be limed at regular intervals. The author mentioned 
considers the content of magnesium in the lime, and says that if 
this is not high enough a supplementary fertilizer should be used, 
namely unpurified Epsorn salt or the rest left over when purifying 
salt in the brine-pans. It should be remembered that neither puri- 
fied nor native potash salts were known as fertilizers at that time. 

It is unlikely that any intentional magnesium fertilization became 
common before the time, when commercial potash fertilizers were 
introduc^ed in Sweden. The first import, worth mentioning, happened 
in 1886 (Moritz Fraenckel & Oo). It was kainite, and the quan- 
tity was only 1 825 tons. This import rose rapidly in the years 
following, and other potash fertilizers were also imported. The 
magnesium <*,ontent of these fertilizers varied very mueli. According 
to analyses published the magnesium content of kainite is 0—8.4 
per cent. Svanberg & Ekman have shown that if kainite is used 
in quantities, answering to the potassium need of the crops, there 
will be, on an average, a considerable surplus of magnesium. But 
these authors State, also, that there is no guaranty of a surplus, 
or even a sufficiency, because of the varying magnesium content 
of kainite. Another potash fertilizer, rather commonly used in 
^^weden in the 1890s, was called »15—18-procentigt gödscdsalt» 
(15—18 per cent fertilizer salt) or »svafvelsyrad kalimagnesia» 
(sulpliate of potassium and magnesium). The potassium and magne¬ 
sium contents of this fertilizer were 5—6 and 12—15 per cent, res- 
pectiv(*ly. Since plants normally <*onsume 7 tirnes as much potas¬ 
sium as magnesium, the regular use of sueli a fertilizer will mean 
a large surplus of magnesium. 

In the agricultural literature of that time it was very of ten stated 
that potassium fertilizers, rich in magnesium, are to be preferred 
in certain cases. »Katalog till tivemka Mosskulturföreningens utställ¬ 
ning vid sjuttonde allmänna svenska landtbruksmötet i Göteborg år 
1891 (Catalogue of the exhibition of the Swedish Peat Society at 
the Swedish seventeenth general agronomi(*al assembly at Gothen- 
burg in 1891) may be mentioned as an example, by translation of 
a few passages; »Experience has shown that magnesium chloride 

may contribute to a good development of cereal crops,- 

that peas need readily soluble magnesium compounds and so on. 
Therefore, one should know the Chemical composition of one’s 
soil, and then decide, by comparative trials, which of the potash 
salts to choose.» 

The »15—18 per cent fertilizer salt» soon disappeared from the 
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Swedish märket, and in the latest three decades kainite was sold 
in comparatively lesser quantities than previonsly. High-percentage 
potassium fertilizers, rather low in magnesium content, became 
substitutes for kainite and other low-percentage potassium fertili¬ 
zers. The reason was that trials and practical farming rarely showed 
any advantage from other elements than potassium in these ferti¬ 
lizers. For this reason agricultural experts recommended the use 
of those fertilizers, where potassium eould be bought most cheaply, 
which generally meant the high-percentage ones. 

Other commercial fertilizers, comparatively rich in magnesium, 
have been relatively little used in Sweden. As an example it may 
be mentioned that superphosphate, the dominating phosphorus 
fertilizer in this country at present, has a low magnesium content. 
The common nitrogen fertilizers are poor in magnesium. Dolomitic 
limestones used for liming may contribute materially to the magne- 
siiun content of the soil, but the majority of Swedish limestones 
used for this purpose are rather poor in magnesium. 

One might say that, in practical farming, the interest in magne¬ 
sium fertilizers has never been great in Sweden, and for a long time 
quite negligible. Lately, though, a new interest has been shown 
because of experiences obtained in other European countries. Seve- 
ral Swedish writers have recommended the use of »patentkali» as a 
potassium and magnesium fertilizer for potatoes, though with certain 
reservations (Djurle 1937, Osvald 1940). »Patentkali» is also called 
»svavelsyrad kalimagnesia», but it should be pointed out that it is 
not the same preparate as that sold under a similar name in the 
1890s. It contains about 23 per cent potassium and 5 to 8 per cent 
magnesium. Another difference is that it is jiractically frce from 
chlorides, whereas the older fertilizer mentioned had a varying con 
tent of Cl, amounting to 30 per cent or more. The comparatively 
high price of »patentkali» has prevented its extensive use in Sweden, 
except in the case of special crops sensitive to chlorides. 


Earlier experiments with magnesium fertilizers 
in Sweden. 

There were several fertilizing experiments with magnesium in 
Sweden during the 1890s, and even in the later part of the 1880s. 
The experiments with different potassium fertilizers may be deemed 
experiments of that kind, the main differences between these ferti¬ 
lizers being different ratios between their potassium and magnesium 
contents. Such experiments were made especially by the Swedish 
Peat Society, and the fertilizers tested were, as a rule, kainite, »15—^ 
18 per cent fertilizer salt» (both mentioned above) and »femfaldt 
koncentrerat kalisalt» (fivefold concentrated potash salt), which 
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was a fertilizer, rich in potassiuni (about 40 per cent) but poor 
in magnesium. The scope of these experiments was, maiiily, an 
economical one. But it was elearly postulated that, if the low- 
percentage potassium fertilizers gave the best results, this was 
due to their relatively higher magnesium content. In most cases, 
though, the effect of the differcnt fertilizers was equal, provided 
that the same total quantity of potassium was given. One of the 
first experiments (in 1890) may be mentioned as an example (C. 
VON Peilitzen 1891). 

At the same time Atterberg made pot experiments with mag- 
nesia and lime as neutralizing agents on a strongly aeid Sphagnum 
peat soil. Bach pot was given potassium nitrate, sodium phos- 
idiate and magnesium sulphate. Tlie pots of one of the series got 
lime in different amounts, corresponding to between 2 250 and 
7 050 kilogrammes of CaO per hectare. The second series of pots 
received equivalent amounts of MgO. The crop grown was oats. 
In the limed pots there was recorded a maximum grain crop at a 
lime level of about 3 500 kilogrammes per hectare and a slight 
depression at rising quantities of lime. In the magnesia series the 
highest yield of grain and straw was received in those pots whieh 
had got MgO equivalent to 3 500 kilogrammes of CaO per hectare, 
and the yields were higher than those of the lirned pots. Eising 
amounts of MgO, though, had a much more depressing effect than 
CaO; pots receiving the largest amounts of MgO did not give any 
grain crop at all. Äs a complement to these series of pots a third 
one was arranged, where both CaO and MgO were added, in equi¬ 
valent amounts. No depression at rising amounts was observed 
in this series, which shows that dolomite should be a suitable raw 
material for liming of such soils (Atterberg 1891). An interesting 
result may be observed in this exi)eriment. Despite the addition 
of MgS 04 to all the pots, a suitable amount of MgO gave a better 
yield than the equivalent quantity of CaO. This fact must mean 
that the original soil had a supply of accessible Ca, large enough 
to ensure the needs of the oats. Furthermore, a widening Mg: Ca 
ratio had a good influence, up to a certain level. 

Some years later Ehodin eompared burnt limestone and burnt 
dolomite for liming of soils. The results were in favour of dolo¬ 
mite (Eiiodin 1901). Similar results were obtained when coni- 
paring dolomitic limestone and a common limestone, poor in Mg, 
for liming of peat soils (11j. von Peilitzen 1916, Hj. von Peilit¬ 
zen & Nyström 1919). 

SÖBERBAUM made pot experiments with magnesium sulphate 
as a fertilizer for eereals. In a few cases there was a rather large 
increase of the yields; as a rule the increases were insignificant, 
and about a third of the experiments gave decreasing yields in 
the pots fertilized with magnesium sulphate (Söberbaum 1915). 
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In order to find ont the reasons for deficiency diseases at the 
Gisselås agricultural experiment farm several elements were tried. 
One of the experiments contained plots fertilized with magnesium 
sulphate. There was an increase of the grain erop, but not a sta- 
tistically significant one (Lxjndblad 1939). 

Euiksson eompared potassium sulphate and »patentkali» in 
pot experiments on two different soil types (Eeiksson 1942). On 
a clay soil there were recorded slight inereases when using »patent¬ 
kali» (potassium-magnesinm sulphate) instead of potassium sulphate. 
On a gyttja soil »patentkaU» caused decreasing yields but this effect 
could be counteracted by liming. The gyttja soil must, certainly, 
have had a rather high Mg content, the Oa added probably giving 
a better Mg: Ca ratio; an interesting parallel to the experiment 
of Atteiiberg. 

^4one of the experiments reviewed were combined with an inves- 
tigation of the Mg content of the soils. This lack of analyses is rather 
pardonable, though. The best ways of rnaking such analyses are still 
under discussion. 

It is unnecessary to review, here, the vast international literature 
on magnesium fertilization experiments in other countries; for 
references see Willis (1939—1947) and, (*oneerning older European 
literature, Zehentner (1930). 


Methods for detecting magnesium deficiencies 
of soils. 

In a pai)er cited in the foregoing chapter Söderbaijm reeom- 
mends »preparatory local trials» as a ineans of detecling magnesium 
deficiencies. This is the good old way in fertilizer experiments, 
and it is, certainly, a good rnethod, prox-ided the deficiencies be 
rather common. Otherwise this rnethod will bo too expensive com- 
pared to the results obtained. 

Direct observations of deficiency diseases of certain crops may 
also be helpful (Hudig & Meyer 1918). Microbiological methods, 
especially those using ÄHyergillus niger, seom to give good results 
(Smit & Mulder 1942). 

There are a lot of methods using Chemical soil analyses. The 
most reliable ones, up till now, seem to be those aiming at a deter- 
mination of the total content of exchangeable Mg. In U.S.A. rapid 
Chemical tests are often used (Hester, Bltjme & Shelton 1937). 
The rnethod mentioned gives, as a rule, lower values than deter- 
minations of the total exchangeable Mg, but still it is considered 
useful in detecting magnesium deficiencies of agricultural soils. 

There are no Swedish standard methods for determination of 
available Mg in soils, and the Mg content of agricultural soils is 
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rarely determined. The reason is that very few cases of magne¬ 
sium deficiency have been observed in this country. 

Magnesium deficiency has been a more important problem in 
countries, where there occur heavily weathered and strongly leached 
soils, for instance France, the Netherlands, Eussia, U.S.A. An 
additional reason for magnesium deficiency in some countries may 
be the potassium fertilizers used. Svanberg & Ekman point out 
that the native French and American potassium salts are, as a 
rule, j)oor in magnesium, as against the comparatively high magne¬ 
sium content of German potassium salts. The importance of mag¬ 
nesium fertilization in some parts of the world may be understood 
by an example. Hester et ah State that in the begin of the 19308 
about 30 per cent of the soils in the Coastal Plain district were 
deficient in magnesium. A few years later magnesium fertiliza¬ 
tion was already a usage in this distruit, and deficiency diseases of 
the croi)S were rarely met with. 


A survey of the magnesium content of the Swedish 

vegetation. 

The fact that w(‘ lack a sufficient knowledge of the magnesium 
conditions of our soils is a drawback in plaiming field experiments. 
Eecently, though, we have got a good survey of the magnesium 
content of the vegetation (Svanberg & Ekman 1946). Such in- 
vestigations are, naturally, needed in order to ascertain if there 
oc.cnir deficiencies important enough to hazard the quality of the 
fodder. But, at the same timc, these analyses may be used when 
selecting suitable localities for fertilization experiments. 

There are many objections against Chemical analyses of vegeta¬ 
tion samples as a means of detecting soil deficienses. Tlie most im¬ 
portant one is the aniiual variation in the uptake of different ele¬ 
ments by the plants. A deficiency of a certain element observed 
in a vegetation sample may, for instance, be the result of c-lima- 
tical conditions pre ven ting a normal uptake of the element in ques- 
tion. The result of an analysis may be misleading in different 
respects. One may happen to find a deficiency, where such cir- 
(iumstances appear oiily in years with especially unfavourable eon- 
ditions. On the other hand it is equally possible that deficiencies 
generally occuring do not show^ up, because of circimistances favou- 
ring the uptake of the element investigated. But, anyway, vegeta¬ 
tion analyses should enable the detection of really important defi¬ 
ciencies. Field experiments carried out on the basis of vegetation 
analyses should be better than experiments at places with entirely 
unknown soil conditions. It was stated above that. fertilizing experi¬ 
ments with magnesium laid out at haphazard would rarely give 
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positive resTilts. It will be shown in the next chapter that several 
experiments, carried out on the basis of a previonsly detected 
magnesium deficiency of the crops, gave clearly positive effects 
in favour of magnesium fertilization. 

The survey of Svanberg & Ekman included determinations of 
magnesium and calciurn, since the total contents of these elements 
and the Mg; Ca ratio are important both in the case of the fodder 
and in the case of the soils. The material analysed consisted of more 
than 1 000 hay samples from about 500 farms in differcnt districts 
of the whole country. The magnesium and calciurn contents are 
presented in relative figures, i. e. percentages of the average (‘.ontents 
in Swedish hay samples. 

There were found rather small differences between hay samples 
from different soil types. On an average, the relative contents of 
Mg in the hay were 98 from clay soils, 97 from silt and fine sand 
soils, 95 from sand and gravel soils, and 106 from peat soils. Thus 
the ffreat variations of magnesium content do not depend on diffe¬ 
rent soil types, they occur within almost any type of soil. As yet, 
though, no serious deficiency is recorded in the case of peat soils. 

The magnesium condition of the State experimental farms is, 
quite naturally, important from the standpoint of the agricultural 
experiment service. There existed a very wide variation. At the 
farms of Lanna and Offer the magnesium (»ontent of the vegeta¬ 
tion is among the highest found in any series of samples in Sweden. 
At the farms of Flahult and Brännberg the magiiesimu content 
is quite equal to the average figures of the (^ountry (and equal to 
the normal figures recorded in other countries). At the fanns of 
Gisselås and Ugerup the magnesium content is about 85 p(»r cent 
of the normal value. At Sunderbyn a part of the farm, consisting 
of »alum soil» (alunjord), shows a serious magnesium defidency. 
The average relative magnesium content of hay from this part of 
Sunderbyn is only 59, with variations between 42 and 81. The 
»alum soils» are soil types, rich in sulphates, rather often niet with 
in the coastal jdains at the northern parts of the Baltic sea. The 
farm of Sunderbyn should be very valuable in further studies of 
the magnesium problems of such soils. 

If we assume that a magnesium deficiency of the soil is indicated 
where the magnesium content of the hay is less than 60—70 per 
cent of the average, there exist about a dozen localities or small 
tracts of deficiency in Sweden according to the survey of Svanberg 
and Ekman. If we assume that a magnesium content less than 
80 per cent of the normal indicates a soil deficiency the nmnber 
of localities will be increased to about twenty. 

It is hardly possible to say, as yet, how common magnesimn 
deficiency may be in Sweden. But it may be safely said that magne¬ 
sium deficiency is less common than deficiencies in the minor ele- 
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ments boron, copper and manganese. Thus the magnesium problem 
of Swedish agriculture is a minor problem. But in the localities 
where it occurs, the magnesium deficiency may be one of the main 
factors causing depression of the yields of agricultural crops. 

In future the case may be different. At present there is a ccr- 
tain trend towards diminishing animal husbandry. Cattle-less 
farms are rather common in some districts. As a result less of the 
vegetation of the arable land will go back to the soil and this means, 
inter alia, a more rapid depletion of the soil magnesium. Oertainly 
the farmer should observe that changes in crop production, and 
changes in the general management of a farm, may necessitate 
new fertilizers, for instance a consideration of the magnesium re- 
quirement of the plants. 


Field experiments. 

The author got the favour of using the results of the magnesium 
survey of the Swedish v(>>getation prior to the publication of the 
paper of Svanberg & Ekman. Thus it was possiblo to start field 
experiments already in 1946 in localities with a known low con- 
tent of magnesium in the crops. The principal interest at a pre- 
paratory stage of field experiments must be to use localities where 
one may expect to get positive effects. Thcrefore we tried to get 
experiments in localities with an average Mg content of less than 
70 per cent of the normal figures (compare the table j). 89 in Svan¬ 
berg & Ekman). For several reasons only six such localities could 
be used in 1946, in one of them, though, experiments were made 
at two different farms. Tn 1947 only four of these places could be 
used for experiments. In both years there were a few experiments 
in other localities where the magnesium condition was less known 
but where undefined deficiencies of jdants had been observed. 

Certainly it would have been valuable to make experiments 
also at places with (known) normal or supernorraal magnesimn 
contents. But such experiments may be postponed till further 
investigations. 

In the two years mentioned there were 16 experimental fields 
altogether. Where possible, two experiments were made simul- 
taneously at the same field, one with and one without farmyard 
manure, the total number of experiments amounting to 29. There 
are several reasons for publishing, now, the results from such a 
scanty material of observations. The magnesium problem of the 
Swedish soils has been rather neglected for a long time. Probably 
this problem is still a minor one in this country, but in a near future 
it may be necessary to investigate the ways and means of supply- 
ing several soils with magnesium. Another aim of this publication 
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is a discussion concerning the use of Chemical vegetation analyses 
prognosticatively when planning agriciiltural field experiments. 

The crop cultivated in all the experiments was potatoes. Very 
little seems to be known about the magnesium requirement of 
different sorts of potatoes. Therefore the local leaders of the experi¬ 
ments were allowed to choose any sort of potatoes considered suit- 
able to local conditions. 

In 1946 the general dressing per hectare of the experiments con- 
sisted of 300 kilogrammes of superphosphate, 150 kilogrammes 
of »58/60 per cent potash salt» {= potassium chloride) and 150 kilo¬ 
grammes of ammonium sulphate. At a few places, where the soil 
was rather acid, calcium nitrate was used instead of ammonium 
sulphate. In 1947 it was possible to get potassium sulphate instead 
of the chloride. The amount of potassium 8 uli)hate used was 200 
kilogiammes per hectare; otherwise the fertilization was the same 
as in 1946. Farmyard manure, when used, was appUed in a quan- 
tity of 20 metric tons per hectare. 

The plan of all experiments, whether farmyard manure was 
used or not used, was the following: 

a. Without magnesium 

b. 50 kilogrammes of magnesium sulphate, i. e. nearly 5 kg of Mg 

per hectare 

c. 100 » » » » » » 10 kg of Mg 

per hectare 

d. 200 » » » » » » 20 kg of Mg 

l)er hectare 

The fertiUzers used were analysed for tlieir content of principal 
macronutrients and magnesium, see table 1 . 


Table 1. Content of nitrogerij phosphorus, potafiHinm and magne¬ 
sium in the fertiUzers, 



Nitmto-N 

Ain.-N 

V 

K 

Mk 


% 

% 

% 

% 

% 

Superphosphate. 



«.7 


0.41 

PotasHium chloride. 


- - 

— 

, 47.5 I 

0.054 

Potassium sulphate. 

— 

— 

— 

i 40.8 

0.00 

Ammonium sulphate. 


20.9 

— 

! — 

<0.02 

Calcium nitrate. 

14..5 1 

0,83 1 

— 

! — 

0.14 

Macmesium sulnhate.i 

— 

— 



«.9.5 


The magnesium sulphate used was a commercial, »chemically 
pure», Epsom salt. The magnesium content of i)ure magnesium 
sulphate. Mg SO 4 • 7 HgO, should be 9.87 per cent. In this case 
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the pereentage found was 9.95; a result of a somewhat lower water 
Ciontent. 

The eomuiereial fertilizers used per hectare over a whole experi¬ 
ment eontained about 1 or 1.5 kilogrammes of Mg. This is only 
a small part of the total magnesium requirement of the potatoes. 
Where there is a real Mg deficieney of the soil such a small quantity 
should hardly mean very much difference to the plants. The 
largest quantity of Mg (20 kilogrammes per hectare) given in the 
experiments should fill the needs of the potatoes even if the soil 
is very defieient in this element. 

At the beginning of an experiment samples were taken of the 
seed i)otatoes and of the farmyard manure used. At liarvest time 
there were taken samples of the potato tubers and of the potato 
plants. These samples sbould have been analysed chemically. 
Because of other investigations the magnesium analyses have had 
to be postponed temporarily. 

In the following list of the farms where experiments were made 
the exx)eriment numbers inelude information about the type of the 
exx^eriments (A = no farmyard manure, B = 20 tons of farmyard 
manure x)er hectare), and sort of x>otatoe8 cultivated (when known): 

Number Yoar Potato aort 

1 A B 1946 Broby gård, Funbo, Upj)sala län Ackersegen 

2 B » St. Segerstad (agricultural school), 

Reftele, Jönköpings län Alpha 

3 A » Ingelstad (agricultural school), 

Kronobergs län — 

4 A B » Kastlösa, Öland — 

5 A » Prästgården, Lister-Mjällby, Ble- 






kinge län 

Wekaragis 

6 

A 

B 

» 

Brandeborg, Biseberga, Kristian¬ 
stads län 

Voran 

7 

A 

B 

» 

Bonarp, Riseberga, Kristianstads 
läii 

Bintje 

8 

A 

B 

» 

Y assbo (agricultural sch ool), 

Ornäs, Kopparbergs län 

Alpha 

9 

A 

B 

)> 

Sunderbyn (State experiment 

farm), l^orrbottens län 

Eigenheimer 

10 

A 

B 

1947 

St. Segerstad (agricultural school), 
Jönköi>ings län 

Favorit 

11 

A 

B 

» 

Lundholmen, Yrigstad, Jön¬ 

köpings län 

President 

12 

A 

B 

» 

Sjöåkra, Bankeryd, Jönköpings 
län 

President 


13 A B » Ryedal, Gammalstorp, Blekinge 
län 

37 - 48106 Kungl. Lanthrukshögskolans Annaler, Vt>l. 16 


Parnassi a 



5S0 


Karl Limdblad 


Number 

Year 


Potato sort 

14 A B 

1947 

Brandeborg, Eiseberga, Kristian¬ 
stads län 

Voran 

15 A B 

» 

Vassbo (agricultural school), Or- 
näs, Kopparbergs län 

King Edward 

16 A B 

» 

Sunderbyn (State experiment 
farm), Norrbottens län 

Eigenheimer 


The lay-out of the experiments was a comnion block plan with 
4 x 4 plots. The area of each plot was — in different experiments — 
40—50 square metres. There were 5 or 6 rows of potatoes on each 
plot, depending on its breadth. One row at each side of the plot 
was left when cropping. Thus the area of a real experiment plot 
varied, in different experiments, betvveen 20 and 30 square metres. 

Table 2 contains the results of conventional analyses of the soils. 

It is pointed out, above, that magnesium deficiency does not 
seem to be connectcd with any special soil type. Experiment fields 
chosen bec.ause of a low magnesium content of the croi)s (Nos. J, 
2, 4, 6, 7, 8, 14, 15, 16) have very different soil types, varying from 
silty elay to gravel. 

The phosphate and potash values were sometimes ratlier low. 
But the comparatively good fertilization should be a basis of 8e(iu- 
rity for a normal supply of phosphorus and potassiiim. The lime 
(iondition, expressed as pll and base number, was sometimes low 
(No. 7, and, in a lesser degree. Nos. 4, 13, 16). This fact may be 
an explanation of the rather low yields of potatoes in two of thes(" 
experiments. 


The yields of potatoes. 

There were great differeiices between the yields of potatoes in 
the two years and at different farms, see Tables 3 and 4. 

Without magnesium and farmyard manurc the mean yields wt^.re 
23.4 metric tons per hectare in 1946 and 20.3 tons in 1947. Without 
magnesium but with farmyard manure the mean yields were 26.8 
tons and 24.3 tons, respectively. There were too few experiments 
to make a statistical treatment of these differences especially in- 
teresting. The yields are quite coneurrent, though, with the gene¬ 
ral trend of these years: the average yield of potatoes was lower 
in Sweden in 1947 than in 1946 because of climatic conditions. 
The effeet of farmyard manure was better in 1946 than in 1947. 
If we compare only those farms, where experiments with and with¬ 
out farmyard manure were condueted simultaneously, the mean 
inerease of the potato crop on manured experiments was some 
28 per cent in 1946 as against 19 per cent in 1947. 8ince the number 
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Table 2. Soil analyses. 


No. 

Soil type^ 

]>Haqua 

Base 

number 

T*ho.sphate 

vahie 

Potasli 

vallie 

1 

Fine-sandy elay, very low 
humus content. 

7.7 

2.4 

471 

1 165 

2 

Slightly clayoy moraine mo, 
moderate humus content 

6.3 

0.5 

148 

330 

3 

Slightly clayey sandy mo, 
moderate humus content . . 

6.6 

1.0 

431 

193 

4 

Clayoy gravelly and sandy 
mo, humus-rich. 

6.2 

0.1 

162 

778 

5 

Sandy mo, hurnus-rich. 

6.3 

1.4 

202 

136 

6 

Slightly clayey moraine mo, 
moderate humus content .. 

6.9 

1.6 

174 

343 

7 

Sandy gravel and mo, humus- 
rich. 

4.6 

-1.3 

50 

124 

8 

Silty clay, humus-rich. 

6.4 

1.9 

217 

339 

11 

Slightly clayey gravelly and 
sandy mo, moderate humus 
content . 

6.6 

1 

1.2 i 

78 

222 

12 

Slightly clayey gravelly and 
sandy mo, low humus con¬ 
tent . 

6.2 

1 

1.5 

53 

364 

13 

Clayey and fine-sandy humus 
soil. 

5.0 

j 

0.0 i 

54 

1.33 

14 A 

Slightly clayey gravelly and 
sandy mo, humus-rich. 

0.0 

1.6 

268 

175 

14H 

Slightly clayey gravelly and 
sandy rno, humus-rich. 

6.2 

i 

348 

476 

16 

Silty clny, humus-rich. 

6.3 i 

1 2.0 ! 

1 177 

300 

16 : 

Slightly clayey fine-sandy silt, 
hurnus-rich (“alum soil”) . . 

■ 4.9 i 

1 

1 1 

! 0.2 ! 

1 49 

287 


of experinumta was small it is not possible to say if this differeuce 
is sigriifieant. 

If we (^ompare the plots withoiit magnesium tlie liigliest yield 
of potatoes (40.2 tons j)er hec.tare in tbe maniired experiment at 
Sunderbyn) and tlie lowest one (10.1 tons in the experiment with- 
out farmyard nianure at Kastlösa) were both obtained in 1946. 
Even Avithin the same groups of experiments — equally fertilized 
and in the same year — there were very great differen(*e8. There 
are, of eourse, many reasons for these differenees, for instanee 
dissimilaritiea of soil fertility and other loeal eireumstanees. Natii- 

* Partiolo sizo, diameter limits: 

Gravel. 20 --2 millimeters 

8arid. 2 —0.2 » 

Mo — Fino sand. 0.2 —0.02 » 

Slit. 0.02—0.002 » 

Clay. <0.002 


» 
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rally these and other differences do not essentially int/t^rfere with 
the scope of the experiments, i. e. the influence of magnesium on 
tlie yields. 


Table 3, Yields of potatoes, deeitons per Jiectare, at different rates 

of magnesium. 

Experiments without farmyard manure. 



; 

Magnesium addod, kg/lia 

Meaii 

1 Yoai* 1 

No, ! Farm 

-- . - 

i_i 

1 : 

0 1 5 1 10 1 20 

error 


Group I. LocalitioB with a low Mg content of tho hay, acrording to the 
survey of Svanbeko & Ekman. 


! 1946 

1 A 

Broby. 

240 

249 

248 

248 

5.2 

1947 

10 A 

Stora Sogorstad. 

285 

287 

305 

302 

8.5 

1946 

4 A 

Kastlösa. 

101 

110 

145 

126 

7.7 

1940 

6 A 

Brände borg. 

234 

231 

26(» 

250 

15.3 

: 1947 

14A 

» . 

130 

141 

139 

144 

7.5 

1946 

7 A 

Bonarp. 

152 

168 

153 

158 

5.1 

: 1946 

8 A 

Vassbo. 

142 

144 

152 

160 

5.3 

1947 

15 A 

»> . 

184 

188 

213 

196 

6.2 

1 1946 

9A 

Sundorbyn. 

347 

338 

318 

332 

15.6 

i 1947 

16 A 

» . 

280 

320 

330 

319 

24.1 

' 


Means 

209.5 

217.6 

226.9 

223 5 




1 Moan offect of magnesium 


+ 13.2 ± 4.80 


' 

Group II. LocalitiOH with unknown Mg 

content of the hay 


! i946 ; 

3A 

Ingolstad. 

357 

350 

352 

351 

10.5 , 

: 1946 

5 A 

B rastgården. 

300 

316 

312 

313 

1 2.3 ' 

1947 i 

11 A 

Lundiiolmen . 

196 

206 

183 

178 

13.9 

! 1947 

12 A 

Sjoåkra. 

110 

107 

117 

117 

8.0 

1 1947 

13 A 

Ilyedal. 

240 

234 

24i". 

243 

6.3 ' 

t 

i 


Means 

240.6 

242.6 

241.8 

240.4 

1 ^ 1 

1 


Mean effect of magnesium 



1.0 ± 3.75 



The resiilts of all the experiments without farmyard manure 
are summarized in Table 3. In order do demon stråte the impor- 
tance of prognostieatory analyses the exi)erinienis are arranged 
in two groups, viz. (T) experiments in localities with a low magne¬ 
sium content of the vegetation, and (II) experiments in localities 
with an unknown magnesium content, respectively. 

Because of the high niean errors generally inherent in experi¬ 
ments with potatoes only rather large increases or decreases of the 
yields may be considered statistically significant. Firstly we ob- 
serve, though, that the yields of potatoes was rarely lower in the 
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casc of treatments with magnesium tlian witliout magnesium; 
and there never occured a significant decrease. Significant in- 
creases occured in five experiments, four of which in localitics with 
a low magnesium content of the vegetation. 

The mean effect of magnesium in Group I, +13.2 + 4.80 decitons 
per hectare, is significant. There werc no significant differenccs 
between the effects of 5, 10 or 20 kilogrammes of Mg per hectare, 
though 10 kilogrammes seem to give optimal yields. In group 
II there were no significant effects of any kind. 


Table 4. Yields of potatoes, decitons per hectare, at different rates 

of magnesium. 

Experiments with farmyard manure. 



Xo. 

Farm 

Magi) 

« 1 

csmni addcd, kg/ha 

Moaii 

oiTor 

5 

10 

20 

Group I. Loc^alities with a low Mg content of tho hay, ac(‘or(ling to the 



survey of Svanbkkg & Ekman. 




194() 

1 B 

Broby. 

228 ' 

244 

247 

259 

4.1 

1949 

2 B 

Stora Sogorstacl . 

316 . 

317 

339 

343 

21.9 

1947 

lOB 

‘> » . 

387 ! 

419 

402 

399 

11.3 

1949 

4 B 

Kastlösa. 

162 ! 

147 

173 

191 

8.7 

1949 

9 B 

Brandoborg. 

338 ! 

341 

333 

3.')4 

12.9 

1947 

14 B 

» . 

185 1 

182 

209 

201 

15.9 

1949 

7H 

Bonarp. 

27(i i 

273 

295 

282 

9.5 

1949 

« B 

Vass bo. 

159 

199 

171 

185 

2.8 

1947 

15 B 

*> . 

2nr) ] 

200 

209 

195 

6.7 

1949 

9 B 

Sunderbyn. 

402 i 

408 

417 

381 

26.0 

1947 

19 B 

» . 

330 

303 

361 

379 

25.9 



Means 

271.4 

272.5 

283.9 

284.8 




Mean off<H*t of magnosiuTn 


+ 9.0 ± 2.96 



Group 11. Localitics with nnknown Mg c 

ontcnt of the hay. 

1 

1947 

11 B 

Luiidholrnen. 

189 1 

200 

177 

175 

10.2 

1947 

12 B 

Sjoåkra . 

140 I 

137 

153 

137 

9.4 

1947 

13 B 

Hyedal. 

269 i 

299 

272 

262 

9.1 



Moans 

199.31 

202.0 

200.7 

191.3 

1 “ 1 



Mean effect of magnesium 


-- 

1.3 ± 2.12 

1 

1 


Experiments with farmyard manure are summarized in Table 4, 
which is arranged in the same way as Table 3. 

Just as in the case of experiments without farmyard manure 
individual cases of statistically significant Mg effects were rather 
few; they occured in two experiments only, both in localitics with 
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a low Mg content of the hay. But there was a general trend ti- 
wards increased yields on the Mg plots at farms in localities witp 
a low Mg content of the hay. i 

The mean effect of magnesium in Group I, + 9.0 ± 2.96 deciton» 
per hectare, is highly significant (P close to 0.01). There wera 
found no significant differences between the effects of 5, 10 or 20\ 
kilogrammes of Mg per hectare; but 10—20 kilogrammes seem toj 
give a more reliable effect than 5 kilogrammes. In Group II theroi 
were too few experiments to allow analyses of variance. Anyway,t^ 
there was no general tendency to increased yields on the Mg plotslj 
in this group. 

The rather unexpected fact that magnesium had a mean effect 
of a simular magnitude, whether farmyard manure was added or 
not added, gives a possibility of using all the experiments together 
for analyses of variance. The results in the (^ase of Group I are 
summarized in Table 5. In order to make the two series of experi¬ 
ments harmonize No 2 B was left out of the eahailations bee.ause 
there was no siniultaneous experiment without farmyard manure. 
Thus the analyses comprise 10 experiments with and 10 experi¬ 
ments without farmyard manure. 


Table 5. Analyses of variance. 


Effects 

SS 

Df 

MS 

; 

MfiÄTi effftet of Mp; . 

1 717.35 

I 

1 717.35 

i 

i 10.6298** 

Largor quaiititios oompared 
with 6 kg of Mg. 

1 116 30 

1 

1 116.30 

i 6.9095* 

20 kg of Mg compared with 
10 kg of Mg. 

19.60 

1 

19.60 

1 <' 1 

Interaction of Mg and farm- 
yartl maniiro. 

163.30 

3 

54.43 

1 

-1 

i 

Interaction of Mg and places 
Intoraetion of Mg, farmyard 
manure anil plaees. 

4 48<).50| 

4 233.»r)j 

54 






1 


1 Witliout 

j' farmyard 
j muriure 

With tarm* 
yartl manure 

Meuns, decitions 
|jer liectare 

Moan offects of Mg. 

4 13.2 

4- 


4 

-h 

10.7 ± 3.28 i 

9.2 ± 3.48 

1 4 + 4.02 

Larger quantities compared 

with 6 kg of Mg. 

20 kg of Mg compared with 
10 kcr of Mtr. 1 

+ 7.6 

- 3.4 

+ I(>.7 

1 0.6 


The F values show that the mean effect of Mg (irrespective of 
quantities of Mg) was highly significant. It is also sure that 5 kilo- 
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grammes of magnesium were not enough to secure a maximum yield. 
There was no significant difference between the effects of 10 or 20 
kilogrammes of magnesium. 

No interaction of Mg and farniyard manurc could be found, 
the F value being < 1. It is certainly remarkable that no inter¬ 
action was found in the case of Mg and farmyard manure. As 
mentioiied abo ve farmyard manure is a main contributor to the 
niaintenance of a good Mg condition of the soil. The debate on 
reasons for the good effcct of magnesium sulphate even in the 
manured soils will be postponed; we need (diemieal analyses and 
more experiments to enable a thorough discussion of this subject. 
A supposition may be mentioned, however. The Mg content of 
the farmyard manure should be subnormal at farms where the 
hay is deficient in this respect. But we know that some soils of 
a farm with Mg deficlency may produce hay with a quite normal, 
or even supernormal, Mg content, the deftcient soils comprising 
only a part of the farm in question. 

At places with a Mg content of the hay amounl^ng to 70 per 
cent, or less, of th(» normal we got an average Mg tFTA^ct coming to 
f 10.7 ± 3.28 decitons per hectare. A larger quantity than 5 kg 
Mg j)er hectare gave an increase of the yields amounting to +9.2 
+ 3.48 d(‘citons per hectare. As to the best quantity of Mg the mean 
seems to be somewhere around 10 kilogramnies per hectare, rather 
than larger quantities. Certainly there was no significant decrcase 
of th(‘ yield wheii increasing the quantity of Mg from 10 to 20 kilo¬ 
grammes per hectare. But there are indications that the optimum 
effe(+,s are already passed when increasing the Mg as far as to 20 
kilogrammes per hectare. 

Similar analyses were made with the results of Group II in the 
Tables 3 and 4. In this case all the experiments were used for the 
analyses. The figures of the analyses may be omitted here. It 
should be mentioned though that the F values were < 1 when 
calculating the mean effec.t of Mg and when comparing higher quan¬ 
tities of Mg with lower ones. Thus no significjaiit Mg effects were 
obtained, on an average, at places where the Mg condition was 
unknowii. Though the effects havc no significance, as such, they 
may be recnrded here: 

Mean effcct of Mg 0.0 + 3.26 decitons per hectare; 

Larger quantities (*ompared 

with 5 kg of Mg —3.2 + 3.46 » » » ; 

20 kg of Mg compared with 

.10 kg of Mg —3.4 + 3.99 » » » 

These figures indi(*ate that there may be a risk of getting decreased 
yields when adding magnesium fertilizers to a soil which is not 
deficient in this element. There are also indications that this risk 
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is greater when adding a larger quantity of the fertilizer. These 
results confinn the idea already expressed when dealing with soils 
deficient in Mg: too inuch Mg fertilizer may caiise lower yields. 
Piirthermore, Mg fertilizers should not be used on any soil with 
an unknown Mg condition. There is nothing remarkable in these 
results. They are quite coneurrent with general observations about 
plant nutrients: an excess of one element will not give better yields 
than well balanced proportions of all indispensable elements; on 
the contrary, it may be detrimental. 

A few words should be said about the eeonomi(‘.al aspects. The 
price of the Epsom salt was 40 8w. crowns i)er 100 kilogrammes. 
Potato prices varied in 1946 between 7.50 and 11.00 Sw. crowns 
per 100 kilogrammes in differeni price districts; in 1947 the varia¬ 
tion was 8.50—12.00 Sw crowns. A fair mean for the whole country 
in these years would be about 10 Sw. crowns per 100 kilogrammes. 
The mean increase of the yield for 50—200 kilogrammes of Epsom 
salt (Table 5) was about 1 000 kilograimnes. Thus the mean in¬ 
crease was sJi^?h to pay more than the highest dressing of Epsom 
salt. 10—2(/'W\ogrammes of Mg increased the average yidd some 
900 kilogrammes above the quantity harvested wlu^n only 5 kilo¬ 
grammes of Mg had been added. Since the best yields probably 
were obtained at a somewhat. lower rate of Mg than 20 kilogram¬ 
mes and cheaper Mg fertilizers may be used, a suitable Mg dressing 
pays very well on deficient soils. 


The starch content of the potato tubers. 

In the case of potatoes for industrial purposes the contents of 
starch and dry matter are very importani. TlK^refore fertilizing 
experiments must consider not only the quantitative effeets but 
also such qualitative effeets. The conventional way of estimating 
the contents of starch and dry matter is by determinations of the 
specific gravity of the tubers. Oertainly there is no absolutely sure 
relation between the specific gravities and the starch contents. 
Still the method may be used for tentative estimates even in agri- 
cultural experiment work. 

Tables 6 and 7 contain estimates of the starch contents made 
in the conventional way. The figures of the tables are arranged 
in the same way as the yields of potatoes in the Tables 3 and 4 iii 
order to see if there is any influence of magnesium or farmyard 
manure. 

It is quite clear that Mg did not affeet the percentages of starch 
in these experiments, as a mean. This is true whether farmyard 
manure was used or not, and whether the soil needod Mg or not. 

There were, generally, much higher starch percentages in 1947 
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Table 6. Estimated percentages of starvh in potatoes. 
Experiments without farmyard manure. 


Year 

No. 

Farm 

MagntiKium addod, kg/ha 

0 

5 

10 

20 

Group T. Localitieö with a low Mg coiiiont of the hay, according to the 



survey of Svanberg & Ekman. 




1946 

1 A 

Broby . 

13.5 

13.0 

13.8 

13.5 

1946 

4 A 

Kafltlosa. 

15.5 

14.5 

15.3 

15.3 

1946 

6 A 

Bra» do borg. 

16.0 

16.5 

16.5 

16.3 

1947 

14 A 

» . 

21.0 

21.0 

21.5 

22.0 

1946 

7A 

Bonarp. 

14.6 

15.0 

14.8 

14.4 

1946 

8 A 

VaHabo... 

15.5 

15.8 

15.8 

15.5 

1947 

jr. A 

» . 

18.8 

19.0 

18.5 

17.0 

1946 

9 A 

Sun derbyn. 

17.3 

17.0 

16.8 

17.0 

1947 

J6 A 

» . 

20.0 

20.3 

19.5 

19.5 

Meaiis 

16.9 

16.9 

16.9 

16.7 


Group IL Localities with unknown Mg 

conterit of the hay. 


J946 

1 A 

IngelHtad . 

18.8 

19.0 

19.3 

19.8 , 

1946 

5 A 

Praatgårdon. 

16.5 

16.3 

15.3 

15.5 

1947 

11 A 

Lund holmen. 

23.0 

20.3 

20.3 

20.3 ; 

1947 

12 A 

Sjoakra . 

22.3 

21.8 

22.0 

22.3 ‘ 

1947 

13 A 

Kye»dal ... . . 

20.8 

21.8 

20.8 

20.0 i 



Memns 

20.3 

19.8 

19.5 

19.6 


tlujii ill 194(>. This is tlie- reason wliy llie nieans of Groups II are 
liiKli; niaiii part of tln». experijiients in Groups II being made 
in 1947. 

Farmyard manure seems to have caiised a decrease of Kstarch 
(3ontent. This effect was espeeially marked in 1946. In that year 
the mean pereentagOKS of starch varied between 15.9 and 16.0 at 
different rates of Mg on unmanured soils, wliereas the correspon- 
ding figures on man ured soils were 14.9 and 15.1. 


Summary. General discussions of the results. 

Some views on further experiments with maf^fnesiuni 

fertilizers. 

In the years 1946 and 1947 there were 29 experiments with mag¬ 
nesium sulphate as a fertilizer for potatoes. All the experiments 
received a full dressing of phosphorus, potassium and nitrogeen 
in commercial fertilizers and 14 experiments got an additional 
dressing of farmyard manure. 21 of the experiments were arranged 
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Table 7. Eatimated pereentages of starch in potatoes. 
Experiments wiih farmyard manure. 





Magnesium added, kg/ha 

Yoar 

No. 

Farm 

— 








5 

10 

20 

! Group 1. Looalities with a low Mg content of the hay, aorording to the 



survey of Svanberg & Ekman. 




1946 

1 B 

Broby. 

12.5 

12.3 

13.3 

13.0 

1940 

2B 

Stora Segerstad. 

16.1 

16.0 

15.8 

16.3 

194() 

4B 

Kastlösa. 

15.0 

14.3 

14.0 

13.8 

1949 

BB 

Brandeborg. 

15.0 

16.0 

15.0 

16.3 

1947 

14B 

» . 

22.3 

21.0 

20.5 

22.3 

1946 

7B 

Bonarp. 

15.0 

13.5 

14.1 

13.8 

1946 

8B 

Vassbo . 

15.5 

17.0 

10.0 

15.5 

1947 

15 B 

» . 

17.8 

19.3 

18.8 

18.0 

1946 

9B 

Sunderbyn. 

17.3 

16.5 

16.3 

16.5 

1947 

16 B 

» ... 

19.5 

18.5 

18.5 

19.8 

Means 

16.5 

16.4 

16.2 

10.5 


Group 11. Localities with unknown Mg content of the hay. 

1 

1947 

11 B 

Lundholmon. 

18.0 

21.0 

21.0 

21.5 

1947 

12 B 

Sjöåkra. 

21.8 

21.0 

21.8 

21.0 

1947 

13 B 

Kyedal. 

20.5 

20.5 

20.5 

20.3 

Moans 

20.1 

20.8 

2''. 

20.9 


in localities wherc the liay had shown a remarkably low ronteiit 
of magnesium. 

One may, as a rule, consider farmyard manure to be one of the 
jnain deliverers of magnesium to the soil. 8till tlie effeet of mag¬ 
nesium sulphate was good in manured experiments as well as in 
the unmanured ones, provided there was a magnesium defieieney. 
5 kilogrammes of Mg per lieetare does not seem to be enough on 
soils deficient in magnesium. On the otlier hand there were indi- 
cations (though not statistically signifieaiit) that 20 kilogrammes 
may be too much. There were also indications that a Mg fertilizer 
may cause decreased yields when there is no Mg defieieney in the 
soil. 

Magnesium sulphate did not affeet the content of starch in the 
potato tubers. This is coneurrent to earlier Swedish experien(*.es 
with magnesium-potassium sulphate (Lundblad 1928) and a 
great many foreign authors (see for instance Walsh & 0’Donahue 
1945). On the other hand it is often stated in agrieultural text¬ 
books that magnesium inereases the content of starch in potatoes. 

The magnesium content of hay was found to be a good indicator 
of soil defieieney. If the hay is poor in Mg one may expect to get, 





















Experiments on magnesium fertilization 


589 


on an average, positive effects from Mg fertilizers, whereas there 
is very little chance of getting such results on Swedish soils with 
entirely unknown Mg conditions. 

Since the balance between different elements within the plant 
is just as important as the concentration of each single element, 
it may be argued whether it would be possible to get still better 
forecasts by determinations of both magnesium and other elements. 
There are two elements which may be especially interesting in 
connexion, with magnesium, namely calcium and potassium. Svan¬ 
berg & Ekman determined calcium in all the hay samples ana¬ 
lysed for magnesium. It does not seein possible to find any rela- 
tionship between the content of Ca in the hay and the effect of Mg 
on the yield. Significant increases were obtained both at sub- 
normal and normal Ca percentages. 

The annual variation of the composition of the vegetation indi- 
cates that soil analyses would give still better information about 
the need of fertilizers than hay analyses. This should be true for 
magnesium just as in the case of other elements. 

A great many investigators have studied the antagonistic pro- 
perties of Ca, K and Mg. Walsh & 0’Donahue found that a large 
dr(»8sing of K to potatoes resulted in serious Mg deficiency symptoms. 
At the same time the Ca content of the green parts of the plants 
diminished. These authors State that at those places where Mg 
deficiency appeared there was always a very large content of ex- 
changeable K in the soil; exchangeable Mg per se was never too 
low in Mg deficient soils. 

The statements of Walsh & O^Donahlie were not verified in 
the Swedish experiments. The potash value may be considered 
to be a measure of the exchangeable potassium. If wo compare 
t he analyses (Table 2) and the results of the field experiments (Tables 
3 and 4) wo find that addition of the magnesium fertilizer caused 
significant increases of the yields on soils with very different potash 
values: high, average and low. It seems probable that the need 
of magnesium can not be ascertained by means of the exchange¬ 
able potassium of the soil. 

In the case of the phosphate values there were just the same 
variations. Magnesium deficiency occurred on soils rather rich in 
phosphorus as well as on soils very poor in this element. Soil aci- 
dity (pH and base iiumber) is no indicator of magnesium defiei- 
ency. Significant positive effects of magnesium were obtained on 
the most acid soil as well as on a slightly alkaline soil. It is not 
possible, either, to find any combination of soil properties, as ex¬ 
pressed in the conventional analyses, which may indicatc a magne¬ 
sium deficiency. 

Suitable methods for magnesium analyses of soils will not be 
discussed here. But it should be pointed out that Mg analyses only 
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are not sufficient, The balance with other elements is important. 
It may be suitable, for instance, to introduce analyses for exchange- 
able Ca beside the Mg <analyses. 

Though the magnesium problem of Swedish agriculture may be 
a minor orie at i)resent, there are many reasons for resuming experi¬ 
ments and researches. One of the problems is what magnesimn 
fertilizer to us(i. Magnesium sulphate or other easily soluble Mg 
salts should be suitable on normal soils; in pra<<‘tieal agriculture 
the price of the fertilizer will be an important factor when choosing 
among available products. On acid soils dolomite or dolomitic 
limestones should be good raw materials. It may be a problem^ 
though, to adjust the amounts of Ca and Mg simultaneously given 
in such products in a way suitable to the plants. 

Tn agricultural (‘xi)eriments it is important to ehoose the most 
suitable eroi)s. Potatoes were used because of their great need of Mg. 
From that point of view potatoes are, probably, most suited among 
common Swedish agricultural crops. But there are many techrii(*al 
difficulties in experiments with potatoes. Therefore other (*rops 
may be discussed. 

Beets also need a good deal of magnesium. They are, iu some 
ways, easier to deal with in experiments. But there is a drawback: 
sugar beets and mangolds can not be grown in northern Sweden. 
Tomatoes and tobacco need mu(*h magnesium too. But neither of 
these plants are agricnltural erops in Sweden. In the last- few yc^ars 
the growing of hemp has been important in some distrieds. Hemp 
is known for its large consumption of })ota.ssium. Some investi- 
gators State, however, that hemp needs very small quantities of 
K provided there is an ample supply of Mg. Thus it would be in- 
teresting to find out if an additional dressing with Mg fertilizers may 
diminish the need of K fertilizers and enable a better economy 
of fertilization. 

Cereals secm to eonsume less magnesium than most other agri¬ 
cultural crops. Magnesium deficiency diseases of these (‘rops, though, 
are well known. About 30 yi^ars ago Hudig & Meyer (1918) d(‘- 
scribed the »Hooghalensche ziekte». Smit & Mitj.deb (1942) have 
presented distinetive proofs that this disease is caused by magne¬ 
sium deficiency. It may be mentioned that the author observed 
typical cases of this disease in pot experiments with »alum soil» 
from Sunderbyn eondueted at Statens Jordbruksförsök by O. Fiiancjk 
in 1948. The experiments were not Mg experiments, but the defi- 
(*ien(iy symptoms and the faet that the hay from the »alum soil» 
at Sunderbyn is poor in Mg allow the surmise that, in all likelihood, 
Mg experiments with cereals would give positive results at this 
agricultural experiment farm. Experiments in cereals are valuable 
because of the possibilities of studying the after-effeets of Mg, 
in an easy way, on the leys following the cereal crop. 
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The Mg experiments recorded in this paper should be considered 
tentative experiments only. The discnssion is meant to show some 
of the possible ways of eonducting more conclusive experiments 
in future. 

The author wishes to express his gratitude io The Council of Agri- 
cultural Research for grants enrfbling the experiments. Thanks are 
also due to professor O. Svanberg and agr. lic. P. Ekman for valu- 
able discussions concerning the experiments; to agr. lic. I. Bachér 
for statistical analyses of the resnlts; and to bureaii and field assis- 
tants for help in several ways. 
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Composition of Atmospheric Precipitation. 

I. Sampling Technique. Use of lon Exchange Resins» 

By HANS EGNÉR, ERIK ERIKSSON, and 
ARNE EMANUELSSON. 

From the Institutes of Chcmistry and Pedology. 


Introduction. 

Ever sinco the discovery some two hundred years ago of traees 
of nitrates in rain, the composition of atmospheric precipitations 
has been studied from many points of view: a^ricmltural (supplies 
of plant nutrients), hy^enic (atmospheric pollution), technical (in- 
fluence on corrosion), and meteorological (salts as condensation 
nuclea, and tracers of air masses). The literature on the subject is 
voluniinoiis, but will not be quoted in detail in this paper; an exten- 
sive biblio^rapliy may be found in e. f:;. Miller (1905). 

In contrast to the j?reat ainount of research work c-arried out in 
other coimtries, data from Sweden are very meagre. Prorn the agri- 
cultural viewj)oint, the only published report (Feilitzen andLiiGNER 
(1910)) cov(TS one ycar in one place, and only one element (nitrogen). 
For this reason, a group of interested institutions (the Institutes of 
Agronomy and (-hemistry of the Agriciiltural (^ollege of Sweden 
through G. Torstensson and H. Egnér resp., and the Swedish 
Meteorologi(*-al and llydrological Institute through A. Ångström) 
ai)plied to the Agricultural Research Council of Sweden for financial 
aid to carry out an investigation on a eomparatively large scale, and 
such aid was granted in 1947. A short a(*eount of some technical 
questions involved wdll be given here. As some details of the analy- 
tical procedures still need revision, they will not be discussed in this 
paper. It may be mentioned, however, that aramonia and nitrate 
are nesslerized photoeleetrieally after direct, resx). Bevarda distilla- 
tion in all glass stills; chloride is titrated electrometrically in acetone 
water solution with silver nitrate; sulfate is measured nephelometric- 
ally in an alcoholic solution; the cations Ca, Na, K in a flame photo- 
meter; for Mg, flame photometry is not sensitive enough, and some 
colorimetric niethod has to be resorted to. 
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Sampling Vessels. 

Originally, it was our intention to analyse water from ordinary rain 
gauges, as has been done in most previous investigations. Doubts 
soon arose, however, as to the advisability of this proeedure. The 
gauges are difficult to protect from bird droppings. The necessarily 
long time of contact of the water with dust, insects, i)olleri etc. might 
give erroneous results. The oi)erations of transferring the samples 
from gauges to large storage bottles (which have to be clean, and pre- 
ferably sterilized), mixing, and again transferring an aliquot to a 
transport bottle, are all very simple laboratory procedures, but not 
easily arranged with primitive equipment and untrained personnel. 
Lastly, w'o soon came to suspect that the zink in the standard gauges 
might reduce nitrates, even though this, as far as we know, has never 
been mentioned as a source of error. 

Sorne experiments were e-arried out to ascertain the danger of re- 
duction. The following results are typical. 

One liter of ammonium nitrate solution with 0.50 mg eaeh of 
NII4-N and NO3-N was poured in four cylinders of nearly the same 
dimensions, all tlioroughly washed: 

A. New rain gauge 

B. Kain gauge, which had been iised for several years 

C. New rain gauge, rubbed with fine emery eloth 

D. (Hass cylinder. 

The (‘.yUnders were covered with watch glasses and left at room 
temi>erature. At the same time 200 ml of the same nitrate solution 
was transferred to each of tliree 250 ml stoppered Jena bottles, of 
which 

E. was charged with 10 g zink chips, 

V, was charged with 10 g granulated zink, and 
G. was left untreated. 

After one night, analyses gave the following results in mg N/liter 
solution: 



A 

B 

c; 

D 

E 

F 

G 

NH 4 .N... 

. 0 .(>l 

0..50 

0.03 

0..50 

0.75 

0.74 

0.50 

N() 3 -N... 

. 0.37 

0.49 

0.34 

o.r>o 

0.25 

0.24 

0.50 

'J^otal N . 

. 0.98 

0.99 

0.97 

1.00 

1.00 

0.98 

1.00 


In another experiment, glass dishes (Jena and soda glass) were 
used as open rain gauges side by side with brand iiew galvanized 
pails, of which one was left untreated, one was painted with acid 
resistant paint (of the chlorinated rubber type), and the third was 
spray lacquered with the same technique that has been used for 
preserve-tins. The glass dishes gave the same results as the lacquered 
pail; the untreated pail gave lower nitrate figures in the precipitation 
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collected, and sometimcs even showed considerable loss of ammonia. 
The losses were probably caused mostly by the increased alkalinity 
duc to zink hydroxide, through which the volatility of ammonia is 
increased. The Solutions were opaque, which is quite often the case 
with samples collected in ordinary rain gauges, and showed an abnor¬ 
mal electric conductivity. Bome of the nitrogen losses may also take 
pla(?e in the form of elementary nitrogen or lower oxides from in- 
comidete reduction; parallels are known from quantitative analysis. 

The acid resistant paint gave an acid solution with a liigh percen- 
tage of chloride, and abnormally high figures for ammonia, probably 
due to absorption from the air. 

Lacquered metal funneis would have becn ideal from many 
points of view, but they turned out to be too expensive. Instead, 
we decided to use inverted ordinary glass bottles, with the bottom 
cut off, as (iollecting funneis. The arrangement will be described be- 
low. The experiments quoted show, however, that galvanized or 
pure zink gauges are out of the question, and many resiilts reported 
in the literature on niirate and ammonia in atmospheric». precipit ation 
must be looked upon with suspicion, partic.ularly if over-zealous 
observers have tried to keep the gauges as clean as possible! More- 
over, metal sufaces may be dangerous also for the determination 
of other elements than nitrogen; Fried and Jackson (1947) mention 
loss of sulfur through absorption. 

Use of lon Exchange Resins. 

Even with the use of all glass equipment all the objeetions meri- 
tioned abo ve would not have beeu met. It appeared to us, however, 
t-hat iitilizatioii of the very effe(*tive ion exchange resins (Myers 
(1942), Samuelson (1946), Duncan & Lister (1948)) might solve 
the problem of sampling. With theni, the precipitation could be 
filtered practically immediately, thus lessening immensely the tiine 
of contact with dust, insects, and pollen; the ions from the precipi- 
tations of any length of timc might b(' preserved in a very small 
voliime, with savings in freight and packing exi)ense8, and so on. 

The first thing to be t(*sted was, then, how completely and rapidly 
the Chemical compounds of interest (ammonia, and ammonium, 
sodium, potassium, calcium, magnesium, chloride, nitrate, and sul¬ 
fate ions; carbon dioxide and it.s derivates, as well as non-el(M‘tro- 
lytes, must be left out) could be taken up and set free. A t that 
time — 1947 — only one set of suitable exchangers was available 
in Sweden, nainely, Amberlite Ilt-100 (catioii exchanger of the sul- 
phonated resin type) and Amberlite TK-4 B (anion exchanger, or 
maybe better, acid adsorbeiit resin) from the Resinous Producls & 
('hemical Company, Philadelphia, and sold by AB Nordiska Arma¬ 
turfabrikerna, Linköping. 
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As was to be expected from literature data (Myers 1942, Samuel¬ 
son 1946) and from some previous experiments of our own to purify 
tap water, it soon becamo quite clear that the cation exchanger 
would not cause any troubles as to completeness and rapidity in 
its funetions. Not a trace of ammonium could be found, to quote 
one experiment, in percolates of Solutions with 0.50 mg NH 4 -N per 
liter, which had passed a column of a few centimeters lengtli of the 
exchanger. The adsorbed cations are easily recovered by displace- 
ment with dilute hydrochloric acid, and the resin regenerated for 
repeated use by washing. So far, everything is ideal. There are two 
drawbacks, however, to the use of Amberlite IR-100 for the present 
purpose. First, the washed resin is not completely free from ammonia 
nitrogen: af ter some weeks, it again gives up minute traces of ammo¬ 
nia to the hydrochloric acid used for displacing. The amounts are 
small but varying, and with the technique described below they do 
not seem to exceed 10 % of the ammonia derived from precipitation. 
In most cases they are less than that. The other drawbaek is of the 
same character: the active sulfonic groups slowly hydrolyze and give 
sulfate ions to the percolate. As will be shown in the next paragraph 
that, for our purpose, the anion exchanger must be eonnected in 
series after the cation exchanger, this instability of the sulfonic group 
makes a measurement of sulfur compounds in precipitation impos- 
sible with the present te<*hnique. 

The active amino groui )8 of Amberlite 1K-4 B give it the character 
of a weak electrolyte, in contrast to the cation exchang(»T with its 
strong sulfonic acid groups. Accordingly, the activity of the anion 
exchanger is dependent on the pH of the solution to be treated. It 
must be acid, or at least not alkaline. The anions thus will not be 
removed completely from neutral salt Solutions, as this would in- 
crease the pH too much. If, however, the metal cations x)reviou 8 ly 
ure removed by the cation exchanger, the anions are taken iij) quanti- 
tatively, wheii the solution is slowly passed through the resin. This 
is the technique now used, as will be described in detail below. We 
hope, however, that the new resins recently described in the litera- 
lure (e. g. Kunin 1949), with strong active groups also in the anion 
exchanger, will make it possible to exhaust the anions directly, thus 
making sulfate determinations possible. If the cation exchangers of 
increased capacity are more stable than the old one, that would also 
mean a distinct advantage. 


Protection from Bird Droppings, Pollen etc. 

Many authors have reported trouble from contamination with bird 
excrements. The rain gauges often seem to be populär resting and 
ex(»Tetory places, with disastrous results for the representativity of 
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tlie samples. Some investigators have used wire nets to protect the 
gauges, but nets dense enough to 8(‘.reen out the small birds will be 
dense enongh to screen out some rain and snow too, and, in addition, 
may offer new resting places above the gauge. Others report glass 
vessels as such to scare the birds, probably due to’ the unfamiliar 
reflecting sprfaces. That might be so, but in our experience the de- 
terring effect is not strong enough. We have had a dozen or so 
»excrement casualities» with unprotected glass funneis, but not a 
single one (in 18 months, in two places quite adjacent to the unpro¬ 
tected funneis mentioned) in funneis protected by the simple wire 
screen shown in fig. 1. 

Band iron 1" x 3/16" is bent to form a shafted ring, slightly 
larger than the glass bottle used as funnel. To make adjustments 
possible — the bottles used vary a little in diameter — the ring is 
cut off in one place. Sharpened pins of 2 mm stainless Steel are faste- 
ned with shellac solution in holes drilled around the rim. The ring 
is cormected by welding to a smaller supporting ring with three curved 
1/4" iron bars. Tlxe basket so formed is fastened to a wooden pole 
a few meters from an ordinary rain gauge, and at the same elevation 
from the ground. 

We know little of the errors from insects, pollen, dust etc. conta- 
minating the samples. Their amount is extremely variable, from 
time to time, and from place to place. Sometimes these errors have 
been ncglected, and sometimes maybe over-emphasized. We have 
not been able, for instance, to confirm Eomells (1946) suspicions of 
S(Tious contarninations from pollen nitrogen. His results correspond 
to a c.ontent of about 3 % water-soluble nitrogen in the pollen, which 
is more than 30 times the perc.entage we got from the same pollen 
samph^s. With the technique adopted in this investigation, the time 
of (‘.ontact with the materials in question is very inuch lessened, and 
even quite extraordinary quantities of pollen do not affect the 
results. 


Construction and Handling of Kxchanger Tubes. 

As seen in fig. 1, water from the funnel passes the two exchanger 
tubes in series. The heavy-walled Pyrex tubing of an internal dia¬ 
meter of 10 mm is cut to lengths of 170 and 130 mm, respectively, 
and the ends fire-polished. The first one is filled with Amberlite 
IE-100, the second one with Amberlite IE-4 B, both between pads 
of Pyrex glass wool. The tubes are connected with heavy-walled 
rubber tubings shown in the figure, and fastened to a grooved wooden 
block by help of rubber bands. The curved outlet tube (i. d. 2 min) 
serves to prevent evaporation, to keep the tubes filled with water 
when working, and to keep the run-off from soaking the apparatus. 
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Fig. 1. A. Iron basket with bird protectiori. Glass funnel witb 
oxchange tubes mst^rted. 

B. Exchange tube fixed for elution. 


and an eventual protecting bag. The inlet tube is eonnected to the 
funnel by help of a long, soft rubber stopper. All rubber j)art8 have 
been boiled with dilute alkali and distilled water. For transport, the 
inlet end is plugged with a cork stopper, and the U-tube is wrapped 
in silk paper and packed in a small cardboard box. A card is enclosed 
for identification of the tube and a short report of the meteoro- 
logical data to be filled iii by the observer, as well as later the ana- 
lytical results. 
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2. Standard j^auge left, unprotected gauge right. 


Ill iiiost plaoos, t ho tubes are ehaiijjed every nionth, and im- 
inedialcdy sent to the laboratory. Theri», the tubes are diseonnee.te<l, 
provided with an S-bent outlet tube and a cylindrieal funnel wiih a 
lOOinin steni of (*iipillary tiibing, with a deliverinj? rate of 20 ml 
in about 5 minutes (fifj. I B). Elution of the eatioiis is made with 4 x 
20 ml of 2 % that of tlie anions with 4 x 20 ml of 2 % i^aaCOg. 
The eluates are taken up in tared 100 ml Jena fjlass bottles and filled 
up to 100 ^ with distilled water by weif?hint^. The bottles are tlum 
closed by rubber stoppers, and aliquots taken for the different. de- 
terminations. Evidently, everythin^? Corning in contaet with the very 
dilute Solutions in question must be kept scrupulously clean, and the 
purity of the distilled water must be under constant (‘ontrol. 

After elution, the resin in the tubes is freed from glass wool and 
transferred to large funneis wit-li fritted glass disks, for subsequent 
regeneration in the usual way. The final washing has to be done with 
parti(*ular eare, and is eontrolled with indieators and eleetric con- 
duetivity. 

The area of the glass funneis described as rain gauges is elose to 
184 cm^. Kecalculations to eoncentration from the directly found 
values of amount per unit area are made by help of precipitation 
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Fxg 3. Large gauges at the College Meteorological station. 


measurements in thc ordinary rain gauge close by. A shower of 10 
mm will give 184 ml precipitate in the fnnnel, whieJi is suffieient foj* 
most of the analyses now made. It was thought desirable, howevt»r, 
to aiialyse even smaller showers, and possibly other elements, and to 
that end a couple of larger glass funneis were made from 20 liter Jena 
glass bottles. They were furnished with bird proteetion and fitted 
in well insulated cages with eleetric heating equipment, suffieient to 
keep the temperature above freezing at any time of tbe year. One 
of the large funneis is now equipped with aii exehanger tube of the 
type described, while in the other the precipitate is eollected as sueJi. 
Both of these large gauges are put up at t he meteorological station of 
the college, near gauges of the ordinary type. Tn order to make possible 
still further studies of the influence of different sampling devices, 
similar funneis of different shape and material are assembled nearby. 

Very high nitrogen contents have been rex>orted in dew and rime, 
and the absolute amounts of these kinds of precipitation might be 
considerable (Stanley 1948). 

Special arrangements have, therefore, been made at Ultuna to 
collect samples. Plates 40 cm square, made of glass, zink, and stain- 
less Steel, were fastened in a frame, with one corner in a downward 
direction. To this corner, a small sampling bottle was attached in 
such a way that all dew or melting rime oould be eollected. 
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Frost Injury. 

At freezing teniperatures, the observers are instrueted to take the 
funnel, includin^ tlie exehanger tube, indoors to melt in a proteeted 
place, when rain or snow has collected in the funnel and no more pre¬ 
cipitation is to be expccted. The risk of breaking the tubes through 
freezing has now been eliminated, we hope, but has caused much 
trouble in sx)ite of the fact that our attention from the beginning 
was directed to that risk. Tn the first winter, we used rather heavy 
walled Pyrex tubing with a gentle 90° turn in tlie lower end, to shor- 
ten the length of rubber tubing. Freezing trials wcre performed in a 
refrigerator at teniperatures down to -20° C, but even with an elec- 
tric fan in action a few centimeters from the tubes, breakage from 
freezing i)ractically never happened. Nevertheless, quite a number 
of freezing accidents oceurred during the first winter. After many 
experiments under still more trying conditions than the first ones, 
we discarded the bent tube, inereased the wall thickness, and sur- 
rounded the U-tube in winter with a bag of oil-cloth in order to slow 
down the rapidity of freezing. Ho far (beginning of March) no acci¬ 
dents have happened with the new arrangements. 


Summary. 

Ill order to investigate the composition of atxnospherie preeipita- 
tions in Sweden, a teehnique using ion exchange resins has been de- 
veloped. The possibilities of nitrate reduetion, and ammonia losses, 
when the xirecipitation is collected in zink gauges is stressed. Glass 
fimnels are used, and they are effectively proteeted from bird drop- 
pings. The ion exchange resins so far available an^ quite serviceable 
but show some deficien(*ies as to stability, and aedivity in alkaline 
Solutions. New resins, which are not- yet available, seem to offer 
definit(* advantages. 


Sammanfattning. 

F^ör undersökning av nederbördens sammansättning har en ny 
teknik utarbetats, vari konsthartsjonbytare kommit till använd¬ 
ning. 

En hittills förbisedd fara för reduktion av nitrat o(*]i förluster av 
ammoniak vid användning av zinkkärl påpekas. För nederbördens 
upx)samling användas i stället glastrattar med påmonterade jon- 
bytarrör (se figurerna). Skydd mot förorening av fågelspillning är 
nödvändigt. Nu tillgängliga konsthartsjonbytare äro utom för sva- 
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velföreningar fullt användbara, men ha vissa brister i fråga om ak¬ 
tivitet i alkaliska lösningar och stabilitet. En del nya, här ännu 
icke tillgängliga jonbytare synas av uppgifter i litteraturen att 
döma erbjuda väsentliga förbättringar. 
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Inoculation Trials of Leguminous Plants 
1914—1948. 

Lucerne and Clover Trials. 

By G. BJÄLFVE. 

From the Inatitute of Microbiology with the, Leguyninous Plant Lahoratory, 


After a fow yoars’ preliminary inv^esti^ations on the iniportance 
of inoculation for lucerne and lupine crops in Sweden, the finst coni- 
inereial eiiltnres for tliese plants were sent ont in the spring of 1914, 
which is 35 years a^o. In spite of the many exeelleiit results ob- 
tained by nsing these eultures, the demand for them was compara- 
tively sli^^ht-, however, at the be^jinnin^j^. Durin^ the first foiir years 
not quite 300 eultures of the size needed for 1/4 hcctare were used on 
an avera^e. The iniportance of inoculation was, however, ^radually 
realized incm» and inore, not only for the above-nientioned plants 
but also for clov(‘r, peas and vetehes, beans, etc. The demand for 
cult^r(^s for leguminous jilants has even inereascHl by d(*Ki’ees, the 
distribution of these a t present amountin^? to e. 200 000 (jultiires 
p(»r ^/4 liectare. Compare<i with the yearly av(‘raj>:e referred to abo ve 
for the (*arly jieriod the sales have thus increased enormously. 

To obtain a more e.omplete knowled^^e of the iniportance of the 
(uiltures in prae.tiiie, farmers wi^re requ(\sted to make» trials witli and 
without inoculation, and to report the results. This riMpiest took the 
form of a special questioniiaire which aecompanied each e-ulture. 
Sinee 1926 every biiyer has besides reeeived an order eard, on whi(*h 
he is asked to State the results of his latest trials. 

The results sent in have ^yradualiy been worked up, and we have 
already had the opportunity of publishinjj siirveys of these ( 1 — 10 ). 
In these publications, at least in later years, have, however, been 
ineluded only results from such trials for which exaet crop yields 
have been furnished. Each trial has there been dealt with separately. 
But we have a lar^jfe number of reports of trials made with hnd with¬ 
out inoculation with baeterial eultures, for which the experimentees 
have been content to jjive the results either in percenta^es or by 
describing the results of the trials. In some cases it has also betni 
statöd whether the leguminous plant in qiu^stion had previously 
been grown in the same place. 

39 -48106 Kungl. Lintbruk&högskolans Annaler. Vol. 16. 
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tion that very good resnlts were obtained through inoculation, even 
where lucerne had previously been grown in the same pla(;e. In one 
sucli case a croj) increase of 446 % was obtained. From all the trials 
together in Table 2 an extra crop averaging c. 90% was obtained. 

If we next look at the map showing the areas in which the lucerne 
trials were laid out (Fig. 1), we find that these were most numorous 
in cortain areas of Malmöhus and in the Southern part of the Kris¬ 
tianstad county. Lucerne trials were also fairly nurnerous in other 
parts of the large agricultural districts of the Kristianstad and of 
the Halland counties, in the Mälaren district and on (lotland. In 
the other areas marked the trials were more scattered. 

The number of lutierne trials per 1 000 farm units (see Table 5) 
is also greatest in the Malmöhus and the Kristianstad counties, 
being 5 and 3 respectively. On Gotland and in the Mälaren district 
it is e. 2 and in the other areas (*.onsiderably lower. 

As the». results obtained from the. inoculation trials in respect of 
liKicrne have been particularly good, and as this forage crop gives a 
high yield, we have every reason to recommend an inereased culti- 
vation of lucerne on suitable soils in South and (kmtral Sweden. 
It will immediately be clear from the above results tliat one of the 
essential conditions for a successful liKierm^. crop is that the seed 
should be inociilated with bac.terial culture. 


Clover Trials. 

It is v(Ty satisfaetory that a eomj)aratively large number of clover 
trials, namely 873, has been rej)orted, most of which belong to the 
last 5-year period. The clover cultures first began to be used in 1920 
and were then prirtiarily intended for inoculation of retdaiined land 
or areas where clover had not j)reviou8ly been grown. It will be seen 
from Table 3 that at first (see the 1924—1928 5-year period) the 
trials wen» niost nurnerous in the Kopparberg (jounty and in Upper 
I^orrland, but also that in inany counties in Götaland the effeet of 
the cailtures was already at that tinie tested in clover leys. The good 
results obtained from inoculation with clover cultures have encou- 
raged further trials, and by degrees these clover inoculation trials 
have spread over the whole country. During the last 5-year period 
trials were laid out in all the counties. 

As will be seen from the Table, no negative results have been ob¬ 
tained from inoculation with clover cultures, and relatively few 
trials have failed to yield a positive result. Such trials first appear 
during the last two 5-year periods, the number of trials without 
positive result then amounting to only c. 3 %. One might possibly 
be in(*4ined to interpret these results with clover in such a way that 
the effeet of the cultures during these last periods had decreased as 
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Table 3. Glover Inocula 


Trials shown in 5-year periods according U 
Inooulation result: + — definitely positive 


Yearä 

1919--1923 

1924—1928 1 1929—1933 


+ (•+' ± 

- 

+ 


^1- 

•1 


± 

- 

Malmöhus county. 

Kristianstad county . 

Blekingo county. 

Halland county. 

Kalmar countv. 

Gotland c*ounty. 

Kronoberg county. 

Jönköping county. 

Älvsborg county. 

Skaraborg county . 

Göteborg & Bohus county. 

Östergötland county. 

Södermanland county. 

Stockholm countv. 

Uppsala county. 

Västmanland county. 

Örebro county. 

Värmland county. 

Kopparberg county. 

Gävleborg county. 

Västernorrland county. 

Jämtland county. 

Västerbotten countv. 

Norrbotten county. 

4 

l 




' 3' 

‘ 6 

3 

6 

2 

4 * 

5 

1 

9 

2> 

3 
M3 
® 8 

1 


1 

u 
' 2 

r 

4 * 

^ 3^ 

' 3' 

^ 2 

2' 

^ 1 

1 

U 

1 

2' 

'10^ 

^ 2 

1 ' 3 




Total 

^2 




*65' 

1 



1044I8 





Small figures in columns to the Jeft: olovor not previously grown in the 
same place. 


compared with earlier periods. The eause of this inight be assumed to 
be due, on the one hand, to the trials perhaps having been laid out 
durin^ the latter period even in such places where the ciiltures do not 
produce any inerease in e.rop and, on the other, to the cultures having 
possibly beeome less effective. The latter explanation falls to the 
ground, however, because in the course of our research work we keep 
eonstant control of the effeetiveness of the eultures and because we 
only distribute the best bacterial strains. Further, we are certain 
that the number of bacteria per g of eulture has not latterly been 
smaller but rather greater than before. The number of trials not 
yielding a definitely positive result for inoculation is in fact relati- 
vely small, as we see. In this connection it should also be noted that 
the majority of results are not based on direct weighings of the crop 
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tion Trials 1919 — 1948, 


county and according to inoculation result. 

(4*) slightly positive, + ~ none, — negative. 


1934—1938 


1939-—1943 

1944--1948 

WhoJe perio 1 
1919—1948 

Total 
no. of 
tnah 
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4- 
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1 
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38 
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1 


' 13 


2 


15 
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1 
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14 
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7 
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f) 


“505* 

7^ 

16" 


47843*» 
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873 


Small figures in columnH to the right: clovor previously grown in the same 
place. For further information seo text. 


but 011 estiinations made duringf the vegetative period. In such cir- 
cumstances slight differences in crop do not emerge. The fact that in 
eertain cases the result was not x) 08 itive can besides be due to un- 
favourable conditions. As regards the 16 trials without effect dur- 
ing the 1944—1948 period, it is elear from the reports that in 6 of 
these cases sowing took place in 1947 and that it was then very dry 
and diffi(*.ult to get the seed to germinate. In one other trial the 
clover seed had been sown together with dressed seed. With such 
a method one cannot expect any positive result from inoculation, 
as the leguminous plant bacteria are poisoned by the dressing. We 
have proved this in trials with peas and oats (llh 
Likewise as in the case of the luceme, in a number of reports in¬ 
formation has been given as to whether clover had previously been 
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Table 4. Clover Inoculation Trials with Crop Besult 

Results obtained by weighing 


yea^^ 

Crop 

No. and rol. no. 
(gpom. mean) 


1919—1923 


Weighotl 

V» i 

No. I 


Estim- 

ated 


No.; 


Rel. 


1924—1928 


Weighod 

„ , Uel. ! 

No. ‘ 


Estim- 

atod 


No. 


Rel. 

no. 


1929—1933 


Woighed 

K ! 

No. ' 


Efltiin- 

ated 


No, 


Rol. 


Malmöhus county .... 
Kristianstad county .. 

Blekinge county. 

Halland county. 

Kalmar (^ouuty. 

Gotland county. 

Kronoberg county.... 
Jönköping county .... 

Älvsborg county. 

Skaraborg county .... 
Oöteb. & Bohus county 
Östergötland county.. 
Södermanland county . 
Stockholm county .... 

Uppsala county. 

Västmanland county.. 

Örebro county. 

Vai'mland county. 

Kopparberg county. .. 
Gävleborg {:ounty .... 
Västernorrland county. 

Jämtland county. 

Västerbotten county.. 
Norrbotten county - • • • 


125 


114 


200 


200 


' 2^ 

1 


130 

120 


169 

140 


200 

150 

161 




167 


145 

155 


180 

163 

150 

127 

162 


Total 110 . of trials 


'15'! 


Small figures in colunins to tlui left: clover not previously grown in the 
.same place. 


^rown in the öiime place. Diiring the 1929—1933 period this was 
stated to have been the case in a relatively large number of trials» 
namely 15. In all these, inoculation produced distincJly positive re¬ 
sults. During the whole trial period the nuniber of trials in which 
clover was reported to have been grown previously in the same 
place, amounted to 32. Of these, there are only 2 trials (both from 
1947) without positive results for inoculation: 1 trial gave a slightly 
positive result and 29 distinctly positive results. As will also be seen 
from the Table, these trials for which it was indicated that clover 
had previously been grown there, have been quite well distributed 
in most of the eounties. 
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Oiven in Rélative Numbm (not inoculated = 100). 

or by efitimating the crop. 



1934 

-1938 

1939“ 

-1943 

1944- 

-1948 


Wholo ponod 
1919“-1948 



Weighed 

Estiin- 

atod 

Weighod 

KhI im- 
nted 

Weighod 

Eatim- 

atod 

Weighod 

Entimated 

All tnaiH 

No. 

Rel. 

no. 

No. 

Kol. 

no. 

No. 

Kel. 

no. 

No. 

Kel. 

no. 

No. 

Kol. 

no. 

No. 

Kel. 

no. 

No. 

Kel. 

no. 

No. 

K('l. 

no. 

No. 

Kel. 

no. 











7 

191 



7 

191 

7 

191 



1 

200 



1 

200 



7 

191 



10 

194 

10 

194 











1 

300 



1 

300 

1 

300 











1 

200 



2 

161 

2 

161 







1 

200 



4 

174 



6 

168 

6 

168 











1 

125 



1 

125 

l 

125 


143 

4 

200 



5 

193 



9 

145 

‘ 2' 

169 

' 19 

166 

“ il' 

166 







2 

145 



4 

232 



' 8' 

190 

1 8^ 

190 





B 

124 

2 

187 



3 

154 

n 

124 

5 

J66 

6' 

160 







1 

200 



4 

165 



6 

166 

6 

160 







1 

130 



3 

146 



4 

142 

4 

142 


134 









3 

166 

^ l 

134 

3 

166 

^ 4 

157 


j 





1 

no 



1 

125 



2 

117 

2 

117 



1 

300 



1 

140 

1 

103 

' 8 

i 

172 

2' 

131 

' 11' 

178 

^ 13* 

170 



2 

137 



1 

125 

1 

117 

5 

171 

1 

117 

13 

161 

14 

157 











6 

150 



0 

150 

6 

150 



1 

120 







o: 

148 

' 1 

145 

9', 

145 

' 10' 

145 

'1 

146 





1 

133 



4 

161 

[1 21 

150 

5 

155 

' 7' 

154 




178 


I5G 

13' 

166 

I2I 

123 

10 

161 

“ 3' 

133 

32* 

163 

^ 35* 

160 





F 

127 




124 

3 

144 

1 ' 3' 

122 

' 5 i 

151 

* 8' 

139 

"3 



132 


30’ 




j'90 

l: 

^16'' 

*155“ 


"171'* 



Small figuroR in colurnns to tho right: clover previoufsly grown in the Ramo 
place. For furthor information soo t(‘xt. 


Table 4 shows tbo clover trials for wliich crop production figures 
have bcen given. As witli the lucerne, the increases in crop outpnt 
vary (‘onsiderably for inoculation of clover, being between ,‘1 and 
300 %. Jn certain cases inucli greater yields were probably oblained. 
Jn 4 reports, which it has not been possible to inelude in this Table, 
the experimentees liave stated that the ratio between the crop ob- 
tainod from inoculated and not inoculated seed was as 100 : 0. By 
this they presumably meant that there was coinplete failure of the 
crop from the untreated area and a full crop from the Ireated area. 
If we look back at Table 4 we find besides that substantial increases 
in crop output were obtained also in places where clover had pre- 








614 


G. Bjälfve 


viously been grown. A crop increase through inoculation of 13 and 
up to 100% has there occurred. On an average a 49% increase in 
crop through inoculation has been obtained from these 12 trials. In 
addition, it should be noted that the increases have been very great 
in South Sweden, especially in Skåne, and that there they were al¬ 
most highor than in Central Sweden and in Norrland. The crop after 
inoculation showed an average increase of c. 60 % for all the trials 
in Table 4. 

If we finally examine the map showing the areas in which the 
clover trials were laid out (Fig. 2), we quite naturally find an entiroly 
different picture from that in the case of the luc-erne trials. Clover 
trials were made in large areas of Sweden, but were most frequent 
in Southern and western Götaland and in some smaller areas of 
Central Norrland. Extremely few results of dover trials ar(^ avail- 
able from the Östergötland plain as well as from large parts of the 
agricultural districts in Uppland and Västmanland. 

The number of clover trials per 1 000 farm units (see Table 5) was 
largest in the Kronoberg county and smallest in the Östergötland 
and Västmanland (*,ounties. Otherwise they are very ev(ml> distri- 
buted throughout South, Central and North Sweden. 

We have received in all, as already mentioiied, during the cntire 
period, results from 873 clover trials with and without inoculation. 
Of these, 852 or 98% have provided positive evidence in favour of 
inoculation. It is also known, of course, that some of the trials 
without positive results are due to unfavourable conditions. As the 
number of trials has been relatively large and as the trials Inive been 
gpread over extensive areas of Sweden, the results that have been 
obtained provide strong confirmation of the view that inocuilation 
of clover seed must be an extremely advantag(H)us measure. It 
should also be rernembered in this connection that maiiy of the trials 
were made on soils pre viously under a crop of clover. 

Are we then to assume that we should obtain (iorrespondingly 
good results if inoculation were to comprise all clover seed in Swe- 
den? (At present not quite 10% is inoculated.) No answer can be 
given to this question of course, as we lack a sufficient number of 
trials for that. Tt is also known that clover has boen grown fairly 
generally in Sweden for a long time, about 100 years, and that in 
many places extremely good crops of clover are obtained without 
inoculation. In such cases one could not very well expect to gain a ny 
substantially increased yield by addition of bacteria. 

The above figures speak for themselves, however, and it is indis- 
putable that in an enormous number of places in Sweden much better, 
more even and more perennial stands of clover could be obtained 
in several leys, if the clover seed were inoculated more generally. 
It is the duty of every farmer to pay careful attention to his clover 
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Table 5. Number of Lucerne and Clover Trials per 1000 
Farm Units. 



No. of 
farm 
unit» 

Lucorna 


Clovor 

Countio4 

No. of 
trials 

No. of trials 
per 1000 
farrn uriits 

No. of 
trials 

No. of trials 
per 1000 
farm units 

Malmöhus. 

20 683 

100 

4.83 

48 

2.32 

Kristianstad. 

21 714 

72 

3.32 

57 

2.63 

Blokirigo. 

8 827 

7 

0.7» 

14 

1.59 

Halland. 

13 736 

8 

0.68 

21 

1.53 

Kalmar. 

15 133 

15 

0.99 

36 

2.38 

Gotland. 

7 176 

13 

1.81 

8 

1.11 

Kronoberg . 

17 256 

7 

0.41 

74 

4.29 

Jönköping. 

18 073 

2 

0.11 

49 

2.71 

Ålvsborg. 

28 697 

9 

0.31 

68 

2.37 

Skaraborg. 

24 214 

9 

0.37 

38 

1.57 

Göteborg & Bohus. 

15 275 

4 

0.26 

21 

1.37 

Östergötland. 

14 846 

8 

0.54 

11 

0.74 

Södermanland. 

9161 

16 

1.75 

30 

3.27 

Stockholm. 

10 718 

19 

1.77 

15 

1.40 

Uppsala. 

7918 

10 

1.26 

15 

1.89 

Västmanland. 

9 463 

4 

0.42 

7 

0.74 

Örebro. 

15 300 

3 i 

0.20 

15 

0.98 

Varmland. 

28 806 

4 1 

0.14 

50 

J.74 

Kopparberg . 

22 747 

3 ! 

0.13 

69 

3.03 

(iävdoborg. 

17 590 

2 

0.11 

25 

1.42 

Västernorrland. 

24 926 

— 

— 

54 i 

2.17 

J ämtland. 

15 448 

1 

0.06 

33 

2.14 

Västerbotten. 

27 007 

1 

0.04 

89 

3.30 

NoiTV)otton. 

19 728 

1 

0.05 

26 

1.32 

Total 

j Avorage for whole of Sweden 

414 441 

j 318 

! 

i 

873 

2.11 


croT), and if the stånd is not elose, even and darh green^ parti(*nlarly 
undor favourable sowing years, the (*-ontent of ba(*.toria for this le- 
guininous plant- in the soil is undoubtedly far too low. 

The, trials witli and witlioiit inooulation for p(^as, vete,hes, boans 
and lupinos will bo doalt with in a lator report. 
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On the Oxidation of Phenolic Compounds by 
Wood-Rotting Fungi. 

By GÖSTA FÅHR^US. 

From the Inatitute of Microhioloijy. 


Introduction. 

It is an old observation that certain hi^^lier fun^i (Basidioniyct^tes)^ 
as well as several plant and animal tissues, contain enzyines which 
(».atalyze the oxidation of phonols and related compounds. Ilius 
Bourquelot and Bertkand, in 1895 (5), showed the pr(*.sence 
of such an enzymo in several genera of Basidiomycetes. Later various 
methods have been developed for the extraction and imrifi(‘ation 
of the enzymes concerned, Psalliota, Hussula and Lactarius spoeies 
being used for the most part (6, 34, 20, 21, 21). 

Within this dass of enzymes, the phenoloxidases, fhere seenis to 
exist a number of specifically differenti enzyines (lae.(*.ase, (»n^solast*, 
eat-echolase, etc.), the range of whieh appears partly to overlap, 
liowever. The laccase from the lacqiier tree, which lias been obtained 
in a rather pure State, oxidiz(*.8 both ])heiiol8 and aromatic amiiu^s. 
The »tyrosinase», comprising »crcsolase» and »cateeholase» (19), has 
a mucli more restricted range of substrates. 

^ot all fungi by far contain phenoloxidases. This fact dcserves 
partie.ular attention from an ecological point of view. Jt was the merit 
of Bavendamm (1, 2) first to point out the differcnce between white 
rot fungi and brown rot fungi in respect of their oxidase c-ontent. 
Thus the white rot fungi when cultivated on agar produ(*>ed a very 
marked coloured zone around the mycelium in the preseniHi of 
phenolic compounds, e. g. gallie and tannic acid, while the brown 
rot fungi did not. It may be recalled that in nature the white rot 
fungi are largely responsible for the decomposition of the lignin. 
This fact stresses the importance of the observation made by Baven- 
DAMM, since aecording to all evidence lignin is an aromatic sub- 
stance built up by units of phenolic charaeter. The course of lignin 
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decomposition still remains to be studied, but to an unprejudiced mind 
it would seem likely that the building units of lignin, the simpler 
phenols, occur as intermediates in the breakdown of this compound. 

B A VENDAMM (1) studied two white rot fungi (Trametes radici- 
perda, Stereum purpureum) and two brown rot fungi (Marulius 
lacrimans, Coniophora cerebella^) in some detail. Later Davi1)$on, 
Campbell and Blaisdell (10) listed numerous white and brown 
rot fungi and rocorded their response to gallie and tannic acid media. 
As a rule the agreement between the white rot type of wood decay 
and oxidation of the substrates mentioned was good. Some excei)tion8 
were, however, noted, viz. some white rot fungi did not cause any 
oxidation, while some fungi known as brown rot fungi did. 

Lindeberg, in some recent papers (18,19), has ineluded a number 
of soil-inhabiting Basidiomycetes in studies of this kind. The paral- 
lelism between lignin decomposition and oxidase reaetion was good 
in these fungi, too. 

Ledingham and Adams (16) studied the decomposition of cal- 
cium lignosulphonate by fungi and compared the degree of decompo¬ 
sition with the degree of oxidation of tannic and gallie acid. While 
in the rot fungi studied a strong oxidation of these substances 
corresponded fairly well to a considerable breakdown of lignosul¬ 
phonate, this was not true in the case of other fungi (Alternaria 
Jind others). 

Quite recently, Preston and McLennan (23) proposed some dyes, 
e. g., gen ti an violet and neutral red, for the purj) 08 e of identifying 
white and brovin rot fungi. The produets of oxidation are not 
quite clear here, but all tho white rot fungi decolorized the dyes 
around tho mycelia while the brown rot fungi did not change the 
original colour of the dyes. 

Being engaged in studies of lignin-decomposing fungi, we became 
interosted in the possibility of using Bavendamm’s procedure for 
the isolation of lignin-decomposing fungi from soil or other sources. 
Theoretically it should be possible, by means of phenolic compounds, 
to develop a method for this purpose. An addition of tannic acid, 
etc., to plates with a suitable medium should give easily deteetable 
coloured spots in case lignin-decomposing fungi were present and, 
consequently, make the isolation easier. 

The first experiments were direeted to finding such substances 
that yielded a strong colour on oxidation but showed no or only 
slight toxicity. Later it was found that some substances effeeted 
a certain selection, resulting in a complete suppression of several 
groups of microorganisms. It seemed conceivable that fungi con- 
taining phenoloxidases might be able to tolerate toxic phenols which 
they can oxidize to less toxic compounds better than fungi which 


^ C. cerobella Pers. is synonymous with (\ puteana Karst. 
391-48601 



620 


Gösta Fåhrseiis 


do not possess this type of enzyme. Such compounds will act as 
selective poisons against all organisms which do not contain the 
nocessary oxidizing enzyme system. 

In connection with the oxidation of i)henolic compounds by the 
lignin-decomposing fungi there arises a very interesting question: 
are these substances also used by growing fungi as sources of carbon 
and are they, af ter ruption of the benzene ring, finally oxidized to 
carbon dioxide and water! Experiments along these lines might. 
give a clue to the course of lignin decornposition by the fungi in 
question. Tf positive, the results of such experiments would support 
the view expressed above that the simple phenols are intermediates 
in the decornposition of lignin. Preliminary experiments with 
guaiacol as the only source of carbon gave results which could be 
interpreted in this way, and further experiments are in progress. 

The report given in the following pages is concerned with the 
testing of various phenolic compounds and the use of some of them 
for isolation of lignin-decomposing fungi. During this study some 
interesting observations have been made, which seem to justify 
a publication already now. 


Testing of Various Substances. 

As a test organism we used Polyporus abietinus in the first experi¬ 
ments. A strain of Polyporus versicolor^ isolated later was easier 
to handle and grew faster, and we conducted iiiost of the experiments 
with this species. For comparison other fungi were also used (vi, 
p. 624). 

The substances were tested in 0.1 % solution. 1 inl of a J % solu- 
tion was given to a Petri dish and 10 ml of malt extract agar added. Be- 
fore solidifying, the plate was shaken to mix the contentsthoroughly. 
The plates were inoculated with a piece of agar with mycelium taken 
from a malt agar plate, the inoculum having a size of c. 25 min‘^. 

Tn case the solubility of the substances was less than 0.1 %, the 
solution was saturated. Tlie dyes were used in 0.01 % solution only. 

A number of relatively simple phenolic. compounds were first 
tested. In addition to these, rather high molecular substances 
containing phenolic groups, e. g. glucosides (quercitrin) and dyes 
(hematoxylin, etc.), were tried. It was also found that sevcral 
aromatic amines were easily oxidized by the fungi in question. This 
fact ex ten ded the possibilities over a nearly unlimited number of 
compounds; so far we have only been able to test a rather restricted 
number. 

Oonsidering the response of Polyporus versicolor, the substances 
can be divided into three groups. 

^ Regarding the origin of these strains see footnote on p. 023. 
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1 ) Siibstances not giving rise to any oxidation zones (sometimes 
slightly coloured inoculum), 

strongly inhibiting growth: salicylic aldehyde, salicylic acid, 
o-nitrophenol, pcntachlorphenol, anthranilic acid, 
not or only slightly inhibiting: anisoP, voratrole’, piperonal, 
isosaphrole, resorcinol, orcinol, phloroglncinol, salicylio acid 
methyl ester, tyrosine, hematoxylin, carminic acid, alizarin sul- 
phonic acid, orange G, thymol blue and related dyes, 2-naphthol- 
().8-disulphonic acid. 

2 ) Substances giving rise to white or light yellow zones: 
p-cresol, hydroqninone monomethyl ether, vanillin, eugenol, 
isoeugenol, thymol, p-naphthol. 

Most of these substances more or less inliibited growth. 

3) Substances giving rise to dark, brown or violet to nearly black 
zones: 

phenols: phenol, o-cresol, catechol, protocatechuic aldehyde^, 
protocatechuic acjd\ o-hydroxy diphenyl, hydroquinone, 8-oxy" 
quinoline, (all very toxic); guaiacol, guaiacol acetate, guaiaeol 
carbonate, pyrogallol, pyrogallol-l,3-dimethyl ether, gallie acid, 
ethyl gallate, n-propyl gallate, tannic acid, quercitrin, a-naphthol, 
l-naphthol-5-8ulphonic acid (less toxic), 

aromatic amines: aniline, o- and p-toluidine, 2,5-xylidine, o- and 
p-anisidiiie, p-phenylene diamine, benzidine, a- and p-naphthyl 
amine, o-aminophenol, N-methyl p-aminophenol (»metol»). 

On examination of this list soine interesting faets becomc ap- 
parent. Dark-coloiired zones, which indicate the formation of quinone- 
like struetures, (xumr when at least two hydroxy groups in ortho 
position are })resent (e. g. catechol) and, further, in monohydric 
phenols provided the para position is vacant (phenol, guaiacol, 
o-cresol). If the para position is oceupied (p eresol, vanillin, etc.), 
a whitish zone is formed which indicates the formation of other 
compounds than quinones. In several of these cases it has been 
established earlier that dehydro-diphenols arise as a result of enzy- 
matic or Chemical oxidation. Thiis it was shown by Lerat (17) and 
by Cousijs and Hériösey (7, 8 ) that divanillin, ditllymol and dieuge- 
nol were formed from vanillin, thymol and eugenol, respectively, 
on oxidation with FeClg or with an enzyme solution from Russula 
delica (cf. formulas on nextpage). They believed in a similar reaetion 
of isoeugenol, too (9), but Erdtman (11) found that in this partieular 
case a somewhat more complicated reaetion took place, resulting 
in a condensed ring system. Tn the case of p-cresol it has been 
shown that an electrolytical oxidation yields, among other produets, 
a dieresol entirely analogous to divanillin, etc. (12), and it seems 
rather probable that this type of substarice is also formed by enzy- 

^ Only P. abietiniiR tested. 
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matic action of Polyporus versicolor on p-cresol. The product formed, 
an entirely white precipitate (also obtained with an enzyme solu- 
tion), is interesting because it shows that tyrosinasc is not acting 
here. This enzyme transforms p-cresol into a coloured substance, 
probably via a dihydric phenol (21), while laccase, like peroxidase, 
gives a white precipitate with p-cresol (6). Of. also below. 

In the case of anisol and veratrole, in which compounds there 
are no free liydroxy groups present, no oxidation cari be expected 
to take place, and no zones have been formed. Nor does any visible 
oxidation of the methylene ethers piperonal and isosaphrole occur. 

The m-phenols like resorcinol and phloroglucinol do not appear 
to be oxidized, but as long as the oxygen uptake has not been studied 
manometrically, it is wise to leave this question open, because soluble 
and colourless compounds may be formed. The enzymatic oxida¬ 
tion of phloroglucinol was observed by Yakushiji (24) and James 
et al. (13). 

It is evident that a very wide variety of compounds are oxidized 
by Polyporus versicolor. Not only phenols, but also a great number 
of aromatic amines are readily oxidized. Since only growing fungi 
have been studied, and no purified enzyme system, it is impossible 
to tell whether the oxidation of all these compounds is the result 
of the action of one relatively versatile enzyme like »laccase», or 
whether there is a mixture of enzymes acting, each vuth a more rc- 
stricted range of substrates.^ The possibility should also be considered 
that some substances, e. g. the amines, might be oxidized by a quinone 
present in catalytic amounts, which acts as a carrier of hydrogen. 

The range of substrates oxi<iized agrees well with that oxidized 
hy the laccase. Tyrosine is not oxidized at all, which indicates that 
there is no tyrosinaso present. p-Cresol is oxidized, but not in the 
same manner as with tyrosinase (6, 21), as mentioned above. It may 
be pointed out here that p-cresol is not attacked by the purified laccase 
from the lacquer tree (15, 25). However, it may well be oxidized 
by a crude extract of fungi (14) or even with the purified mushroom 
»laccase» (25). 

Some of the other substances tested deserve particular attention, 
for instance pyrogallol dimethyl ether. In the presence of this 

^ Lindeberg (19) draws the unjustified conclusion that the soil fungi studied 
by him simply contain »o-diphenol oxidase» or »catecholase»>. Cf. the results 
with Marasmius scorodonius in this paper (Tab. 1). 
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compound a very peculiar zone is formed, consisting of an 
outer liglit brown ring and an inner zone which appears black-dotted 
to tbe naked eye. On microscopical examination one finds that 
these dots are dark violet, beautifully branched crystals formed 
in the agar outside the mycelium, even at some distance from the 
outer border of the mycelial mat. At first it was believed that the 
crystals were »coerulignon»», a substance which is formed on mild 
chemi(?al oxidation of pyrogallol dimethyl ether and might also be 
expected as a result of enzymatic oxidation. However, during 
continued exi)eriments with this substance and various enzyme Solu¬ 
tions obtained from Polyporus versicolor, it was noted that the 
branched c.rystals were only formed in experiments with the very 
crude enzyme solution, as it occurs in the plates. By the action 
of a somewhat purified oxidase preparation from P. versicolor the 
^ typical unbranched stoel-blue needles of coerulignon were obtained, 
* while the branched crystals had a more reddish appearance. 

It was thought that the latter compound might contain nitrogen, 
by combination of the phenol or quinone with some amino acid, 
but a nitrogen determination proved this not to be the case. The 
purified enzyme gave typical coerulignon even on addition of ammo- 
nia, glycine, leucine and some other amino acids. 

Ke(iently Jamp^s et al. (13) have published results iiidicating that 
a quinone-amino acid is formed from catechol and glycine by the 
action of belladonna phenoloxidase. Could a similar reaction be 
shown to occur by the action of phenoloxidases from fungi, it would 
be of the groatest interest in connection with the problem of humus 
formation. 

Because pyrogallol dimethyl ether thus seems to be an interesting 
substance in several respects, its enzymatic oxidation is being 
studied further in this laboratory. 


Selection of a Suitable Substance for Use at the 
Isolation of Lignin-Decomposing Fungi. 

After the preliminary study of the oxidation zones formed from 
various phenolic comx)ouiid8, a restricted nmnber of substances 
which showed a fairly strong colour on oxidation combined with 
a low toxicity was chosen for further examination. An experiment 
was arranged with 13 fungi^, the method used being the same as 

* I am indebted to Dr. Nils Fries, Uppsala, for the strain of Polyporus abie- 
tinus, to Dr. Gösta Lindebebo, Uppsala, for Marasmius scorodonius, and to Prof. 
Krik Björkman, Stockholm, for Polyporus zonatus, Stereurn purpureum 1, S, 
hirsutum, S. rugosum and Goniophora puteana. Polyporus versicolor, P. hirsutus, 
Stereurn purpureum 2, Trametes heteromorpha and Lontinus lepidous were iso¬ 
lated by the present author. The correct Identification of these fungi was as a 
rule confirmod by Dr. Seth Lundell, Uppsala. 
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Table 1. 

Oxidation Zones Formed by Various Fungi on Agar Plates with Phenols or 

Aromatic Amines. 



Control 

Guaiacol 
0.001 M 

Pyrogallol 
6.002 M 

Pyrogallol-1, 3- 
dimethyl- 
ether 0.004 M 

Gallie acid 
0.002 M 

Ethyl gallate 
0.002 M 

Tannic acid 
0.002 M 

a-Naphthol 
0.002 M 

o-Anisidine 
0.001 M 

© VM 

fl 
m ^ 

ihlyporus versicolor . 


+ + 

4-4- 

4-4- 

4- 

+ 

■f -f 

4-4- 

4-4- 

4 4 

zonatt48 . 



4-4- 

4-4- 

4- 

4- 

4- 

4-4- 

4- 

4 1 - 

P. hirautus . 

— 

+ + 

4-4- 

4-4- 

4-4- 

4- 

4 4- 

4-4- 

4-4- 

44 

P. abietinua . 


+ 4- 

4-4- 

4 4~ 

4 f 

4- 

-f- 

4-4- 

4-4 

4 . 4 . 

Stereum purpureum 1 ... . 

— 

+ + 

4-4- 

4-4- 

■f 

4- 

4- 

4-4- 

4- 

44 

S, purpureum 2. 


4- + 

4-4- 

4-4- 

4- 

4- 

4- 

4-4- 

4- 

4 4 

S. htraulum . 

— 

4- 

4- 

4- 

4- 

4- 

4 

+ -f 

-f 

44 

S. rugosum . 

— 

(+) 

(4) 

v+) 

(+' 

(,+) 

(+) 

— 

4- 

(4 

Marasmius seorodonius. .. 

— 

4- + 

4-4- 

4-4- 

4- 

4- 

4- 

4-4- 

4-4 

4 4 

Fungus 2. 

— 

+ 

4- 

4- 

4 

♦- 

4- 

(4-) 

4 

44 

Coniophora puteana . 

— 

__ 


—■ 

- 



1 

— 

— 

Trametes heteromorpha . .. 


" 


— 

— 

— 

-- 



4 

Ijentinus lepideus . 

— 

— 

— 

-- 


4- 

~ 


( 4 ) 

( 4 ) 

Air-borne fungi. 

0(5)^ 

1(10' 

o:i) 


1(5) 

2 (6) 

3(5) 

0(0'i 

0(8) 

1 

1 — 1 


(f) very slight colour + distinct colour -f+ strong colour 


in the previoiis experiment (p. 620). Of the fungi tested Coniopliora 
puteana, Trametos heteromorpha and Lentinus lepideus are known 
as brown rot fungi, one, »fungus 2», having beon isolated from a soil 
plate containing tannic acid (see below). The rest are known as 
wbite rot fungi (one, Marasmius seorodonius, being a litter-doeom- 
]) 08 ing speeies). One series of jdates was left open in the laboratory for 
15 minutes and was then incubated together with the other plates 
(»air-borne fungi»). On these plates various moulds and bacteria 
developed. 

The substances were used in a concentration not inhibiting growth 
of Polyporus versicolor. 8ee Table 1 for the resiilts. 

The results given in the Table eonfirm the earlier known differ- 
enc(^s between white and brown rot fungi. All substances, which 
were oxidized by Polyporus versicolor, were also oxidized by the 
other white rot fungi tested, but not by the brown rot fungi. A 
very slight oxidation of the amines, and also of ethyl gallate, has 
occurred occasionally in the presenee of brown rot fungi, but in 
these eases the zones are cnnsiderably weaker. Stereum rugosum, 
known as a white rot fungus, responds only slightly to the 

^ Number of mycelia with coloured zones. Within brackots the total num- 
ber of mycelia on the plates. 
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compounds triod, but the strain used had oarlier boen sliown 
(unpublished resulta by FÅHRiEus, Nilsson and Nilsson) to be 
a rather weak lignin-docomposor. 

Of the compounds listod in Table 1 some could be excluded as 
loss suitable for tho purpose of isolating lignin-decomposing fungi. 
The araines do not soern to be quite reliable, because they undergo 
a certain, although slight, oxidation even by the brown rot fungi. 
Gallie acid and ethyl gallate as a rule give too weakly coloured zonos. 
Of the remaining substances guaiacol and pyrogallol are the most 
toxic. a-Naphthol givos an exceedingly strong-eoloured oxidation 
produet, but inliibits the growth of the fungi to some extent. This 
has boen the object of further studios (see below). Tannie acid is 
in several respoets an ideal substance, because it is very little toxie 
and, further, appears to inhibit the growth of rnost baeteria, possibly 
through tho acid reaetion. 

Thus taiinic acid (m-digallic acid, moro strictly speaking) has 
boen used for tho indicated purpose of isolating lignin-decomposing 
fungi. i^ftor spreading soil on malt agar plates with 0.1 or 0.05 % 
taiinic 'a(*id nurnorous brown-coloured spots appeared. On isola¬ 
tion of some fungi causing the colorizatioii we got sevoral strains 
of loMor fungi (as a rule no Basidiomycetos) in puro culture. 

WK;m (iultivaied on saw dust of bireh theso strains did not grow 
very 'vngorously and for that reason could scarcoly be placed among 
the true rot fungi. The experiment was repeated with ono strain, 
>^fui1gus 2», on wheat straw. In this case good growth oceurred, fol- 
lo wed by a certain decomposition of lignin (as det('rmined by the 
Holmuerg method, modified by Bengtsson (3). In fläsks with addi¬ 
tion of nitrogou, however, the process was obsc.ured by tho formation 
of lignin-like (compounds, which were determined as lignin in the 
Chemical analysis (cf. Bengtsson (4), Pinck and Allison (22)). 

The fungi isolated on plates with tannie acid secm to belong to 
the same typos of soil fungi as those studiod by liEDiNGHAM and 
Adams (15). It may be significant that no true rot fungi wore 
obtained from the ficld soil investigatod. Probably such fungi ar(^ 
not active in garden or fiold soils, and may oven be entirely absont. 

Tho results inentioned hero seem to indicato that rather weak ligiiin- 
decomposers also give oxidation zones on tannie acid. Moro seloc- 
tive is apparently a-naphtliol whi(ih substance will be moro closely 
treated in the following paragraphs. 
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Selective Inhibition by oc-Naphthol. 

A substance of particular interest among those tested is a-naphthoL 
Apart from the very intense colour of its oxidation products, it 
was found to inhibit the growth of the white rot fungi only very 
slightly, but that of all other fungi completely. On the plates with 
»air-borne fungi» no growth whatsoever occurred in the presence 
of a-naphthol. With the exception of the oxidase-containing white 
rot fungi, no fungus has so far been found which is able to develop 
in a higher concentration of a-naphthol than c. 0.007 % (0.0005 M). 
Evidently a-naphthol is in itself very toxic, but, by means of the 
oxidases, the white rot fungi can oxidize it to an insoluble or less 
toxic compound, and growth starts as soon as the toxicity has 
been reduced in this way. 

It is instructive that the spores of the white rot fungi, which 
probably do not contain any phenoloxidase, at any rate not in suffi- 
cient amounts, are prevented from germination even at a cc^ncentra- 
tion of 0.007 % (0.0005 M) a-naphthol. In this respect ♦^^here is 
consequently no difference between the two types. Thick basidio- 
spore suspensions of Polyporus zonatus, Lenzites betulina, Ötereum 
hirsutum, and S. purpureum were streaked on malt agar with an 
addition of 0.007 % a-naphthol, but in no case could any growth 
be noticed. The same result was obtained with spore suspensions 
of Fusarium vasinfectum, Penicillium sp., Aspcrgillus sp., and some 
unidentified moulds. But while small pieces of outgrown mycelia 
of the white rot fungi mentioned above were able to grow on a 
naphthol agar of up to ten times this concentration, the other fungi 
tested only showed a very scant growth on 0.007 % a-naphthol. 

This relative selectivity is not so marked in other phenolic com- 
XH)unds as in a-naphthol. Some substances, e. g. thyrnol or p- 
naphthol, show a tendency to suppress the brown rot fungi as 
compared with white rot fungi. On these compounds, howcvor, 
certain moulds grew nearly as well as, or better than the white rot 
fungi, although evidently no oxidation occurred. 

Only in one case, with addition of hydroquinone (or quinone), 
did a brown rot fungus (Coniophora puteana) grow bettor than 
Polyporus versicolor. 

The toxicity of a-naphthol to other than the w^hite rot fungi can 
be taken advantage of in attempts at isolation. Heavily infected 
fungi belonging to the white rot type may be freed from contami- 
nating moulds after a few transfers on a-naphthol agar. It is true that 
as soon as the a-naphthol has been oxidized by the action of the 
phenoloxidase, other fungi also may be able to grow, but they will 
not overgrow the white rot fungus to be isolated. Sometimes it 
may be difficult to get good results, but the present author has 
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The Relation between the Organic Nutrients of 
Rations and their Digestibility in Horses. 

By NILS OLSSON. 

From the National Animal Experiment Station. 


A. Introduction. 

The digestion of feeds is a process brou^lit about by the (*oiiibined 
action of physical, physiologi(*-al, Chemical, and biological factors. 
Animals are rarely able to utilize all the nutrients present in their 
feed and a variable amount is excreted in the faeces. The nutrients 
assimilated in the alimentary canal are said to be di^^ested, and tlu^ 
sum of these calculated in percenta^e of the total amount of nutrients 
in the feed is called the digestion coefficient. The physiological vi(‘w 
of the digestion process is that the enzymes of digestive fluids and 
bactoria, etc., act ori the nutrients, splitting them and making them 
capable of being absorbed iu the alimentary canal. But a definite 
amount, which might have been absorbed is, for certain reasons, 
rejected and appears rather in the faeces. The faeces also contain 
rubbed-off tissues, digestive fluids, etc., derived from th(* body. Be* 
cause of their origin these constituents becorne part of the indi- 
gestible nutrients, 8in(*.e this term covers the total amount of dry 
matter present in the faeces, incliiding even inorganic matter. Pre- 
vious investigations have shown that the indigestible nutrient in 
faeces varies with the Chemical composition of the rations. To ob* 
tain more information on this subject, whieh is of importance in 
feeding practice, the effect of the Chemical composition of rations 
on the digestibility of the nutrients present was studied for 1110 
rations used in digestibility experiments on horses. 


B. Earlier investigations. 

A statistical study of the relation between the nutrient contents 
and the digestibility of 71 rations, used in digestion experiments 
on horses, was carried out by Axelsson (1941). 
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He found that the protein content of the faeces and the digestion 
coefficient of protein rose witli an increasing protein content of the 
feed. It was also noted that faeces of horses contained less protein 
than that of cattle; therefore the digestion coefficient of protein was 
higher in digestion experiments on horses than in those on cattle, 
The amount of ether extract in the faeces from horses also rose with 
an increasing content of it in the feed, despite the fact that the di¬ 
gestion coefficient was higher. It was also found that horses excrete 
considerably more ether extract with their faeces than cattle, thus 
giving a lower digestion coefficient. The digestibility of the ^N^-free 
extract was almost eqiial in the two cases, but fiber was digested to 
a considerably lower extent by horses than by cattle. The digesti¬ 
bility of the organic matter decreased with an increasing fiber con¬ 
tent in the dry matter of the feed, and to a somewhat greater extent 
in horses than in cattle. Feeding stuffs rich in starch and sugar 
were digested equally complete by horses and by cattle, and, as a 
rule, coarse materials rich in fiber were digested considerably better 
by (»attle than by horses. 

The statistical work is in agreement with the mcthods given 
by Bojvnier-Tedin. The calculations of the regression lines are 
based on the total individual observations in resp. series, but in the 
figures the class averages are only given. 


0. Investigations carried out at the National Animal 
Experiment Station. 

Data and procedure, A total of 1 110 rations used in digestibility 
<*xperinients on horses has been examined, of which 990 were ob- 
tained from the literature prior to 1943, the remaining 120 being 
experiments carried out in Sweden during 1943—1947 (Olssotv, 
Kihlén and (-agell, 1949). The data were thus quite comprehen- 
sive and suitable for a study of the influen(*.e of cheinicul composi- 
tion on the digestibility of the different rations. For this purpose a 
calculation was made of the regression of the organic components 
of the dry matter on the digestion coefficients of organic matter, 
protein, N-free extract and ether extract. This was done with 
regard to the data as a whole and also separately on the Swedish 
data from 1943—1947. The larger (total) series containing up to 
1 110 rations is called series I, and the smaller containing the 120 
recent Swedish experiments, series II. 

In order to reduce publication expenses, reports concerning the 
(liemical composition of the rations are not included in this paper; 
instead, this material caii be acquired as an appendix from the l!^atio- 
nal Animal Experiment Station. 

This appendix also contains a complete bibliography. 
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I. Relation between fiber perceniai(e in the dry matter and 
the digestibility of organic nutrients. 

1. Influenee of the fiber eontent on the digestibility of organic 

matter. 

The regression of the digestion coefficients of organic matter on 
the fiber percentage of the dry matter was calculated in 1094 rations 
(series I). The distribution of the rations and the digestion coeffi¬ 
cients of organic nutrients (dass averages) on per cent fiber in dry 
matter are given in table 1. A separate calculation was made of the 
rations used in the receni 120 Swedish experiments (series II). The 
results are illustrated in fig. 1, which shows the dass averages of the 
digestion coefficients of the organic matter at different fiber per- 
centages in the feed (dass interval = 2 per cent) together with 
the smoothed regression lines. The two regression lines are curvi- 
lincar, but do not coincide. The difference between the regression 
coefficients of the first degree was found to be significant (P < 0.001). 



Pfr cc u f hii III liiy I io>,i r 


Fig. 1. Regressions of digestion coefficients of organic rnatter on per cent fiber in 

dry matter. 
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2. Influence of fiber content on the digestibility of protein. 

On the fiber percentage the regression of the digestion coefficients 
of protein was calcnlated in 1086 rations (series I, table 1), and se- 
parately in those nsed in the Swedish experiments during 1943—47 
(series II). The regression lines are illustrated in fig. 2. The regres- 



Fig. 2. Hegressions of digestion coefficients of protein on per cent fiber in dry 

matter. i 


sion line of series T is eurvilinear. Acfjording to this result, the digesti¬ 
bility of protein should decrease more rapidly with the lowest and the 
highest fiber contents than with the intermediate ones, having a si¬ 
milar increase. Series II, however, does not show a similar tendency 
but forms a straight-linear regression. The difference between the 
first-degree regression coefficients of the two series is statistically 
significant (P <0,001). As the result probably dei)ends to some 
extent on the fact that the protein content of the rations decreases 
with an tncreasing fiber content, partial regressions were calcnlated 
keeping the protein content constant. This resulted in less negative 
regression coefficients (table 5) showing that this assumption was 
true. 
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3, Inflmnce of the fiber eontent on the digestibility of ether extraei. 

Average digestion coefficients of ether extract corresponding to 
varying fiber contents in the dry matter (series I) are given in table 1, 
and the regression lines of the digestion coefficients of series I 
and II in fig. 3. The regression of series I (1 028 experiments) was 



Fig. 3. Regresaions of digestion coefficients of ether extract on per cent fiber m 

dry mattcr. 

calculated by a second-degree equatioii, and the line is curvilinear. 
This, however, is by no means certain because a straightdinear re¬ 
gression proved equally probable. It can, however, be concluded 
that the digestibility of ether extract decreases with an increasing 
fiber eontent. Series 11 revealed the same tendency, but the num- 
ber of rations is too small and the variation in ether extract and 
fiber eontent not sufficiently wide to givo a reliable result. The 
difference between the first degree regression coefficients of the two 
series was not quite significant (P < 0.05 > 0.02). As it was evi¬ 
dent that the ether extract eontent in dry matter decreases with an 
increasing fiber eontent, a deereasing digestibility of ether extract 




Organic Nutrients of Rations and their Digestibility in Horses 649 


with an increasing fiber content in the dry matter was expected. 
Therefore partial regrcssions (the ether extract content kept constant) 
resulted in less negative regression coefficients. 


4. Jnfluence oj the fiber content on the digestibility of X-free 

extract 

The classification of the rations with respect to the fiber content 
in the dry matter and the dass averages of the digestibility of J^^-free 



Fig. 4. llegressions of digestion cooffirients of N-freo extract on per cent fiber in 

dry matter. 


extract of series I are given in table 1. Fig. 4 shows the regression 
lines of the digestion coeffic^ients of H-free extract on the fiber per- 
centage of 1 055 rations (series I) and separately of 120 rations (se¬ 
ries II). The regression line of series II was straight-linear and 
at a slight angle to that of series I. The difference between the 
first-degree regression coefficients of the two series was statistically 
significant (P <0.001). 




Table 1, Distribution of rations and dass averages of digestion eoefficients of organic matter, protein, 
ether extract and N-free extract on per cent fiber in dry matter. 
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When the X-free extract content was kept constant, the negative 
influence on its digestibility in series I was even greater. In series II 
only an unimportant change could be noted, probably due to a coin- 
cidence arising from the small number of rations (see table 5). 

The negative influence of the fiber content on the digestibility 
of the nutrients (except ether extract) was apparently greater in 
the recent Swedish experiments (series II) than in the previous 
ones (series I). But as the experiments were carried out at different 
times and under different conditions, strictly comparable results can 
hardly be expected. 


II. Relation between the protein percentaf{e in the 
dry matter of the rations and the dii^estibility of the organic 

nutrients. 

3. Injlueyice of the protein content on the digestibility of organic 

matter. 

In these studies 1110 rations (series I) were used, and separately 
the 120 rations (series II). The distribution of the rations and the 
dass averages of the digestion coefficients of organic matter at dif¬ 
ferent protein contents are given with regard to series I in table 2. 



Fig. 5. Regression» of digestion roeffieients of organic matter on per cent protein 

in dry matt er. 




Table 2, Distribution of rations and elass averages of digestion coefficients of organic matter, protein, 
et her extract and ^T-free extraot on per cent protein in dry matter. 
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N-free extract. : j 

Number of rations. 3 1 139 508 I 319 83 ! 14 1 4 1071 

Dig. coeff .-3 . 44.3 | 61.4 67.2 j 67.8 71.4 ; 72.6 81.0 91.0_ 
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A first-degree equation was used in both series, and the results are 
shown in fig, 5. The regression lines do not correspond with the in- 
crease in the digestibility of organic niatter as the increasing protein 
content is greater in series II than in series I. The difference between 
the regression coefficients was statistically significant (P < 0.01 > 
0.001), The extremely high and extreniely low protein contents 
were represented only in a few rations, and no significance can be 
attached to these results. In any case, they were not sufficiently re¬ 
presentative for the regression line to be calculated with a higher de- 
gree equation. It cannot as yet be stated whether the increasing 
digestibility of organic matter, with an increasing protein content 
of the dry matter was due entirely to the i)rotein, or contributed to 
sorne other factors. As a rule, rations rich in protein have a lower 
fiber content than those poor in it. Therefore, in the same series, 
partial regressions were <*.alculated on the basis of a constant fiber 
content in the rations. As shown in table 5, the regression coeffi- 
eients calculated for the partial regression were considerably lower 
than those obtained from the regressions calculated directly, but 
they were still signifi(iant. This result depends on the decreasing 
fiber content in dry matter with a increasing protein content (series 
T = - 0.46; series II b = —0.61). Thus, a positive effect of the 
protein content on the digestibility of organic matter could still be 
shown when the fiber content was kept constant. 


2. Jnjluenoe oj the 'protein eontent on the digestibility of protein. 

The relation between the digestion coefficients of protein and the 
protein perc.entage in the dry matter was studied in 1110 rations 
(series I) and separately in the 120 recent Swedish ones (series II). 
The distribution of protein contents, and the class averages of the 
digestion coefficients (series I) are given in table 2, as well as the re¬ 
gression lines of the two series shown in fig. 6. It appeared that the 
digestion coefficient increased with an incTcasing eontent of up to 
about 20 % prot<‘in in the dry matter, and after that tended to de- 
crease. It could be stated from this fact that an exceptionally high 
protein content in the feed resulted in a greatly decreased absorption 
of protein. With an increasing protein content in the feed, there was 
also a rise of the protein (content in the faeces. The regression of 
the digestibility of protein and that of the protein content of the 
Swedish experiments (series II) w^ere straightlinear and not signi- 
ficantly different from that of series I. The protein content in series 
II did not rise above 17%, i. e., the point where tlie digestion coef¬ 
ficient of protein can be expected to show a definite decrease due to 
overfeeding. Similar regressions were calculated on the basis of a 
constant fiber content in the dry matter (partial regression). These 
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Fig. 6. Regressions of digestion coefficients of protein ori per cent protein in dry 

matter. 


caleiilatious gave lower regression e.oeffieients, showing that with 
an increasing protein content, the inerease in protein digestion was 
to some extent due to the correspondingly deereasing fiber eontent 
of the rations. 


3. Influence of the 'protein content on the digestibility of ether 

extract. 

In this study series I contained 1 053 and series 11 120 rations; 
the same method was used as before. The distribution of the rations 
with respect to the protein content and the class averages of the 
digestion coefficients of ether extract of series I are given in table 2. 
As shown in table 5 the calculation gave negative regression coeffi¬ 
cients, of which that of series I is significant (P = < 0.001), and that 
of series II rather significant (P = < 0.02 > 0.01). 
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Equations of the regression lines: 

Heries I y — 53.53 —1.64 
II 3 ^ = 50.15 —1.60 a; 

The same regressions were calculated with the ether extraet kept 
eonstant. The regression coefficient of series I was not significantly 
changed as compared with that from the non-partial regression, but 
as to series II it was incTeased and showed a larger negative influenee 
of the increasing protein contcnt on the digestibility of ether extraet. 
In series I the regression between per cent protein and ether extraet 
in the dry matter was zero, but in series II it was 0.11. As the ether 
extraet had a positive effeet on its own digestibility (see p. 658), it 
is evident tliat an increasing effeet of ether extraet on its digesti¬ 
bility (*annot be shown by keeping the ether extraet eontent eonstant. 


4. Influenee of the proiem eontent on the digestibility of N-free 

extraet. 

A total of 1 071 rations (series J) was used ineluding the 120 of 
the recent Swedish experiments (series II), for whutli also a separate 
ealeulation of regression was made. The distribution of the rations, 
with respeet to their protein (jontents in the dry matter and the elass 
averages of the digestion eoeffieients of N-free extraet (series I), are 
summarized in table 2. The regressions of the digestion eoeffieients 
of N-free extraet on the protein pereentage in the dry matter were 
fitted by first-degree equations as follows: 

Series I y --- 57.21 -1 0.85 x 
il y = 52.27 4 1.25 x 

An increasing protein pereentage resulted in signifieant inereases 
in the digestion eoeffieients of N-free extraet. The regressions of 
the two series are in close agreement, the first-degree regression eoef¬ 
fieients showing no statistieally signifieant differenee (P < 0.3 > 
0 . 2 ). 

By using a partial regression (eonstant N-free extraet eontent), 
the regression eoeffieients beeame higher than those calculated from 
the direet rc^gression (tab. 5). This result depeiids on the dee.reasing 
N-free extra(;t (eontent in dry matter with an increasing protein 
eontent; the regression eoeffieients of protein and N-free extraet 
eontent were found to be in series I —0.64; series TI — 0.85. Thus 
it was found that the digestion coeffieient of N-free extraet in- 
ereased with an increasing protein eontent when the N-free extraet 
eontent was kept eonstant. 



656 


Nik Olsson 


III. Relation between the percentage of ether extract 
in the dry matter of the rations and the digestibility of 

organic nutrients. 

1. Inflnence of the ether extract content on the digestibility of 

organic matter, 

The regression was studied in 1 076 rations of the large series (T) 
and separately in series 11, 120 rations. The distribution and class 
means of series I are given in table 3, and the regression coefficients 
of the two series in table 5. As shown, the coefficients of organic 
matter tend to increase with an increasing content of ether extract 
in the dry matter. Equations of the lines: 

8eries l y ~ 58.79 + 0.36 x 
11 y^ 50.53 4- 2.85 x 

The resiilt was significaiit in series II (P < 0.01 > 0.001), biit not 
in series I (P < 0.2 > 0.1). 

2. Influenee of the ether extract content on the digestibility of 

protein. 

In this study the same rations were used as above, 1 076 in series 
I and 120 in series 11. The distribution and class averages of series I 
are given in table 3, and the regression coefficients of both series in 
table 5. The digestion coefficient of protein was found to increase 
with an increasing content of ether extract in the rations (P < 0.001). 
Equations of the lines: 

8eries l y = 59.91 1 1.67 a? 

II y = 47.63 f 5.91 

Partial regression per cent protein in dry matter kcpt constant did 
not change the regression coefficient in series 1 (P < 0.001). It de- 
pends on the fact that the (ioefficient of regression of the content of 
ether extract on the protein content in this series was very low {b = 
0.07) and not significant. In series 11, on the other hand, the partial 
regression of the digestibility of protein on the content of ether ex¬ 
tract in the dry matter (the protein (*ontent kept constant) decreased 
the regression coefficient from 5.91 to 3.84 (P <0.001). In this 
series the protein content was found to increase with an increasing 
ether extract content in the dry matter (b = 0.90). As the digestion 
coefficient of protein inereases with an increasing protein content 
in the dry matter (sce p. 653), it was evident that the regression of the 
ether extract content on the digestibility of protein (the protein 
content kept constant) resulted in a lower regression coefficient than 
the same regression with varying protein contents. 



Table 3, Distribution of rations and elass averages of digestion coefficients of organic matter, protein 
and ether extract on per cent ether extract in dry matter. 
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3. Influenee of the ether extract content on the digestibility of 

ether extract. 

In this study series I consists of 1 055 rations, and series 11 of 102. 
Table 3 shows the distribution and dass means of series I, and table 
5 the regression coefficicnts of the two series. The digestibility of 
ether extract was increased with an increasing percentage of ether 
extract in the rations in both series (P < 0.001), Equations of the 
lines: 

Series J y = —17.46 + 16.57 .t 
II y = — 1.67 + 11.82 J? 

The partial regression (fiber content kept constant) did not change 
the regression coefficient statistically. The ether extract content 
in faeces of horses is comparatively high, so rations low in ether 
extract always give low digestion coefficients as compared with 
those having a high amount of it. 

In this connection it should be remembered that the ether extract 
in the rations of horses is generally very different in constitiition 
and quality, and even in the rations used in these series. Therefore, 
it is not possible to draw any conclusion withoiit objections. 


IV. Relation between the percentage of N-free extract 
in the dry matter of the rations and the digestibility of 

organic nutrients. 

1. Relation between the N-free extract content and the digestibility 

of organic matter, 

This relation was investigated in a total of 1 076 rations (series 1), 
and separately in the 120 rations used in 8wedish digestibility ex- 
periinents during 1943—47 (series II). The distribution of rations, 
with lespect to their content of N-free extract and the dass averages 
of the digestion coefficients of organic matter (series I), are shown in 
table 4 as well as the regression lines of both series in fig. 7, which 
also shows the dass averages of the digestion coefficients of organic 
matter at different contents of N-free extract. ^The regression line 
of series I was fitted by a third-degree equation and that of series II 
by a first-degree one; the regression coefficient of the first-degree 
equation of all rations (series I) being 0.61 and that of series II 
0.74. Both were significant (P < 0.001). The difference between 
the two regression coefficients was statistically not quite significant 
(P < 0.1 > 0.05). As this result apparently depends on the decreas- 
ing fiber content with the increasing content oi N-free extract, a 
partial regression was also calculated, keeping the fiber content 



Tdble 4, Distribution of rations and dass averages of digestion coefficients of organic matter, protein, 
ether extract and N-free extract on per cent N-free extract in dry matter. 

Series I. 
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(U)nstant, Now the re^jression coefficients clian^^ed from positive to 
negative. The following explanation of the result ean be given. It- 
was found that an in(*rea8ing fiber content in the dry matter result-ed 
in decreasing digestion eoeffieients of organic raatter in the rations 
(see p. 646) and also that an inereasing content of N-free extraet in 
the. dry matter was connected with a decreasing fiber content (re¬ 
gression coefficients of series I —0.74, series II —0.61). Therefore, 
it is obvious that an inereasing content of N-free extraet in the dry 
matter was followed by decreasing digestibility of organic matter 
when the fiber content was kept constant. Thus it was found that 
tho content of N-free extraet itself in the ration is of no importance 
regarding the digestibility of organic matter. 


2. Influenee of the content of N-free extraet on the digestibility 

of protein, 

This relation was studied in a total of 1 076 rations (series I) and 
separately in the 120 rations used in the recent Swedish experiments 
(series II). The distribution of the rations and the dass averages of 
the digestion coefficients of protein of series I are given in tablc 4 
as well as the regression coefficients of the percentage of N-free ex- 
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Fi>^. 8. Regresfiions of cJigestion coefficients of elher extmrt on por oont N-free 

extract in dry mattor. 


tract in thc dry matter as to the digestibility of Ihe protein of the 
two series in table 5. Equations of the lines: 

ISeries 1 y -- 53.84 + 0.19 x 
II y = 42.88 + 0.38 J? 

Jt was found that the digestion coefficient-s of i)rotein increase<l 
with an increasing conteiit of N-free extract; both the regrc^ssion 
lines are straight-linear. The regression coefficient of series I was 
0.19 (P < O.OÖl) and that of series TI 0.38 (P < 0.001). The diffe- 
rence between the two regression coefficients was not significantj 
(P < 0.3 > 0.2). 

The partial regression, wdien the protein content was kept constant, 
made the regression coefficients (tab. 5) higher. The explanation is 
the decreasing protein content with an increasing content of -free 
extract in dry matter (regression coefficient of series I —0.11, of 
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series II —0.14). It was found (see p. 653) that an increasing pro¬ 
tein content of up to 20 % in the dry matter increased tbe digest- 
ibility of the protein itself (tab. 5). At a constant protein content 
the digestion coeffieients of protein therefore increased with in¬ 
creasing content of N-free extract in the dry matter. 


3. Influence o/ the content of N-free extract on the digestihiUty of 

ether extract» 

A total of 1 058 rations was used (series I), and a parallel study 
carried out in 102 rations used in Swedish experiments during 1943— 
47 (series II). The distribution of the dass means of digestion coef- 
ficients of ether extract and the content of N -free extract in the ra¬ 
tions (series I) are given in table 4. The results for the two series il- 
lustrated in fig. 8 show wide deviations in the dass means, and in¬ 
creasing digestion coeffieients of ether extract with an increasing 
content of N free extract in the dry matter. The first-degree regres¬ 
sion coeffieients were 1.55 and 0.87 for series 1 and series II, respecti- 
vely. Both are significant, hut the difference between them is not 
quite 80 (P < 0.05 > 0.02). A partial regression (ether extract kept 
constant) resulted in a lower but still significant regression coeffi- 
cient iu series I and some higher regression coefficient in series II. 
This depends on the faot that in series I the content of ether extract 
in the dry matter was increased (b — 0.024), but in series II de- 
ereased (h == —0.013) with the increasing content of N-free extract 
in the dry matter. 


4. Relation hetwfen the content of N-free extract and the digestihiUty 

of N-free extract. 

The regression of the percentage of N-free extract in dry matter 
on the digestion coefficient was caleulated in a total of 1 076 rations 
(series I) and separately for the 120 rations used in the recent Swe¬ 
dish experiments (series II). The distribution of the rations and the 
dass means of the digestion coeffieients of series I are given in table 4. 
The repression lines are shown in fig. 9. As shown in table 5, the 
regression coeffieients of the two series are in close agreement with 
those obtained for the regressions of the digestion coeffieients of 
organic matter on the percentage of N-free extract in dry matter. 
In view of the faet that the N-free extraets are the main part of the 
organic matter, this is easily understood. The first degree regression 
coefficient of all the rations (series I) was 0.61, and that of series II 
1.11, both being statistically significant. Thus, the digestion coef- 
ficients of the N-free extract increased with an increasing content. 
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Vig. 9. Regressionfl of digestion coefficionts of N-free extract on per cent N-free 

oxtract in dry mattor. 


and inore rapidly in the 120 recent 8wedish experiments (series II) 
than in the total series (I). In both series, however, the results in- 
dicated that the inereasing digestibility of the N-free extracd; was 
due to the decrease in fiber conteiit. The regression coefficients 
obtained on the basis of a constant fiber eontent in the dry matter 
(partial regression) were —0.11 (series I) and 0.05 (series II), respee- 
tively; these figures are not qiiite significant in series I and not sigai- 
ficant in series II, whieh ineans that the eontent of N-free extract 
in the ration is of no importance regarding the digestibility of N- 
free extract when the fiber eontent is kept constant. 


Diseussion. 

The statistical studies incliide up to 1110 feed rations collected 
from all known digestion experiments on horses (series I) and sepa- 
rately 120 rations used in the digestion experiments earried out in 
Sweden during 1948—47 (series II). 

The results showed a great influenee of the fiber eontent of feeds 
on the digestibility of nutrients. Fiber is a substance obtained aee. 
to the Weende method in Chemical analysis. It consists of cellulose, 
pentosans and lignin whieh, acc. to Nordfeldt, Svanberg and 
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eee 

Claesson (1949) and Nobdfeldt (1948), are present in widely 
variable amounts* It was also found that lignin does not remain 
constant. Thus, fiber is a substance having a varying Chemical com- 
position, in one and the same feed produced under different condi- 
tions. This must be considered in estimation variations in the fol- 
lowing results. 

It was found that the higher the fiber content in the ration was, 
the lower the digestion coefficients of the total organic matter would 
be and also those of protein, ether extract and N-free extract, resp. 
This is in agreement with results obtained by Axelsson (1941) in 
his statistical work on the digestibility in 71 rations used in digestion 
experiments on horses. 

As is obvious from the regression lines (fig. 1), the fiber in series 
II had a relatively greater negative influence on the digestibility of 
rations with a high fiber content than fiber in series I. This negative 
influence on the digestibility of feed is probably a result of the recent 
progress in plant breeding, which has led to production of grain 
crops with stiffer and harder straw than earlier. The lower diges> 
tibility of rations might simply be contributed to this change in the 
Chemical composition of the straw. 

An increasing protein content in the rations resulted in inereasing 
digestion coefficients of the protein itself, and also of the other nu- 
trients, except ether extract. This partly depends on the fact that 
as a rule feeds rich in protein have a low fiber content. Using partial 
regression (fiber content kept constant), the digestion coefficients 
of organic matter and also of protein became considerably lower. 
Axelsson (1941) found that the digestion coefficient of protein in- 
croased with an increasing protein content in the feed rations, de- 
spite a simultaneously increasing protein content in the faeces. These 
results are due to the lower variability of the endogenous nitrogen 
in the faeces compared with the protein content in feed. Jnreality, 
therefore, a larger percentage of protein was found to be uiniigested 
in rations low in protein tlian in those high in it. Acc. to fig. i), the 
digestion coefficient of protein did not increase when the i)rotein 
content in the rations exceeds 20%. 

An increasing i)rotein (jontent in the rations was found to have a 
significantly negative influence on the digestibility of ether extract. 
This result j)robably depends on the interrelation between the con- 
tents of the nutrients in question. Positively significant regression 
coefficients were found for the protein content in dry matter on the 
digestion coefficient of N-free extract; these regression coefficients 
increased more when the N-free extract content was kept constant. 

According to these caleulations, the increasing ether extract 
content of the rations influenced increasing digestion coefficients of 
organic matter and also of the single nutrient groups. The same 
tendency could be noted in the digestion coefficient of ether extract 
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itself when the content of it in the ration was increasing. By using 
partial regression (fiber content kept constant), the regression coef- 
ficients were not considerably changed. Axelsson (1941) found that 
an increasing ether extract content of the ration caused increasing 
digestion coefficients of ether extract despite its increasing excretion 
in the faeces. This result depends on the fact that a certain amount 
of ether extract is always present in faeces, and the low ether extract 
content of the ration would thus result in a relatively low digestion 
coefficient in it. It is evident that the more the ether extract con¬ 
tent of the ration exceeds the amount which is regularly excreted 
in the faeces, the higher the digestion coefficient of ether extract in 
rations generally used for horses. 

It is to be mentioned, however, that great variations in the ether 
extract content of feed rations for horses are due to the use of very 
different and not quite comparable feeding stuffs. Exceptionally 
high and even medium high ether extract contents aie obtained only 
in feeding stuffs such as oil cakes and grains rich in ether extract. 
The ether extract in the latter groups of feeding stuffs is not of the 
same nature as that in hay and other coarse feeds. Therefore, this 
study cannot give any definite conclusion regarding the influence of 
the ether extract content on the digestibility of the other nutrients. 

By using direct regression, an increasing content of N-free extract 
of the rations resulted in increasing digestion coefficients witli re- 
gard to organic matter and also protein, ether extract and N-free 
extract, resp. These results, however, partly depend on an increas¬ 
ing content of N-free extract in connection with a decreasing fiber 
content. Using partial regression on the basis of a constant fiber 
content in the dry matter, an increasing content of N^-free extract 
of dry matter gave significantly negative regression coefficients in 
organic matter, significantly positive regression coefficients in pro¬ 
tein and ether extract, and no significant regression coefficient in 
^-free extract. 

The digestibility of protein was inereased with an increasing 
content of N-free extract in the dry matter of both series. Using 
partial rcigression (the protein content kept constant) higher regres¬ 
sion coefficients were obtained. The regression of the content of 
N-free extract in the dry matter on the digestibility of the ether ex¬ 
tract resulted in significantly positive regression coefficients (tablc 
5). The partial regression (the ether extract content kept constant) 
did not show'^ the same tcndency. 
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Summary. 

Statistical studies have been carried out concerning the influence 
of tbe organic nutrients of the ration on their digestibility in horses. 
The main results inay be summarized as follows; 

1 . The higher fiber oontent in the rations, the lower digestion 
(joefficients of the total organic matter, protein, ether extract, and 
N-free extract, resp. 

2 . The negative influence on the digestibility of the nutrients, 
except ether extract, was relatively higher with an increasing fiber 
content in rations used in the recent Swedish digestion research 
(series II) than in all the rations (series I). 

3. An increasing protein content in the ration was found to in- 
crease the digestion coefficients of total organic matter and N-free 
extract, but to decrease the digestion coefficient of ether extract. 
With an increasing protein content in dry matter up to about 20 
per cent the digestibility of the protein itself inereased. In rations 
(lontaining more than 20 per cent of protein in dry matter, the di¬ 
gestion coefficient of protein tended to decrease. 

4. An increasing ether extract content in the rations showed in¬ 
creasing digestion coefficients in the total organic matter, and also 
in protein, ether extract, and N-free extract; the latter was not signi- 
ficant. These results, however, cannot be used for any definite con- 
clusion regarding the influence of ether extract content on the di¬ 
gestibility of the nutrients, because the ether extract in rations 
of a low and high amount of it was not diroetly comparable. 

5. An increasing content of N-free extract in the rations revealed 
a significantly positive effeet on the digestion (‘oefficients of organic 
matter, protein, ether extract and N-free extract, resj). When the 
fiber content was kept constant, however, the digestion coefficients 
of organic matter and N-free extract did not inerease with an increas¬ 
ing content of N-free extract in dry matter. This depends on a 
highly negative correlation between the total organic inatter and the 
N-free extract and fiber contents of the dry matter, rcsi)cctively. 
Also the digestion coefficients of protein and ether extract were 
influenced by the interrelation of N-free extract and fiber. 
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Adsorption Equilibria between lon Exchangers 
of DiflFerent Nature. 

I. Release of Cations from Soil by Adsorption on 
Exchange Resins. 

By LAMBERT WIKLANDER. 

From tJie Inatitute of Pedology. 

The inethod generally used for investigation of ion adsorption and 
release is to determine the distribution of ions between a single ex- 
ehanger and its equilibrium solution. From tho distribution thus 
gainod, it is possible to draw certain conclusions regarding the equi- 
iibrium between different exchangers if present in the same system. 
As a mattor of faet, it would be an advantage in many respeets if 
sueh a study could be made directly without referring to equilibrium 
Solutions. A possible influence on the distribution by direct contaet 
of the eolloidal partieles could then be accounted for. In most 
cases this is not feasible due to a lack of suitable separation methods 
for the different components of the exchange phase. If, however, 
one of these is a resinous exchanger mixe^d witli exchange material 
(•.onsisting of small partieles, a separation can easily be carried out, 
and the rnethod suggested can be applied to a study of the ion distri¬ 
bution between the resin and the other exchange material. Kesin 
mixed with soil is an example of this type of system as the chemically 
active part of the soil consists mainly of small partieles. 

From an agricultural point of view it is of interest to find a simple 
and convenient rnethod for the estimation of all the readily ex- 
changeable ions and ions from water-soluble and acid-soluble corn- 
pounds without unduly destroying the clay minerals. It is also of 
importance to find a rapid rnethod for making a soil base-unsaturated. 
It is the purpose of the present paper to show how an estimation of 
cations in a soil can be performed by use of a hydrogen-saturated 
exchange resin and to diseuss the most important faetors for the 
distribution of ions between soil and resin. 
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Theoretical. 

It is a well known fact that the soil adsorption complex, consist- 
ing of a more or less intimate compound of clay and humus colloids, 
has weak acidic properties. This means that the H ion has a great 
affinity for the soil colloids and consequently a great replacing 
power on other cations adsorbed on the complex. 

A high replacement of these cations is best accomplished by a 
substance which can easily give off its H ions and adsorb all the 
cations displaced from the complex. Substances of this type are the 
sulphonated resinous exchangers, e. g. the German Wofatit K, the 
American Amberlite lE 100, Il^alcite, etc. These exchangers are 
particularly well suited, as they act as highly dissociated buffers 
of a great exchange capacity, give off their H ions very easily, and 
adsorb most metal cations stronger than the H ions. Thus it was 
found (Wiklander 1946) that Wofatit K adsorbed cations in the 
following sequence: 

Li* < H* < ^^a^ < < Ca^^ < Sr^^ < Ba^^ < La^’. 


For a clay, on the other hand, the order was: .. . < La®^ < H^. 

This shows that the affinity of H is low for the resin but high for 
the clay as compared with that of the other ions. In addition to 
this desorption by ion exchange, the resin exerts a dissolving effect 
on acid-soluble compounds as carbonates, phosphates, certain oxides 
etc. The dissolution is connected with an adsorption of the cations, 
and hcnce the concentration of the cations in the liquid phase is 
kept low, which increases the rate of dissolution. 

As a result of these reactions a natural soil suspended in water 
and mixed with an appropriate amount of 11-resin will be freed from 
exchangeable cations and cations from compounds soluble in water 
and acids. Af ter separating the resin from the soil, the adsorbed 
cations can easily be replaced by HCl and subjected to analysis. 

To illustrate the exchange conditions, the theoretical distribution 
of adsorbed monovalent ions between two exchangers the exchange 
(iapacity and the acidoid stréngth of which have been varied, is 
given in figure 1. The curves are calculated from the following for¬ 
mula, derived from tho Donnan equilibria: 

Mr _^ _ mR • Cr — Mr 

Mt-Mr'" ms- Gs-Mt-^- Mr ^ ^ 


The formula expresses the distribution of a monovalent cation 
M between two exchangers, B and S, in equilibrium with the 
same intermicellar solution of very low concentration. Mr denotes 
the amount of M adsorbed on -B, Jlfr the total amount of the 
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same ion present in the system, grams of the exchanger Ä, 
(jB, the exchange capacity of Ä in m.e./gm., ms grams of the ex¬ 
changer Ä, and (js the exchange capacity of Ä. Further 


where jMg and mean the activity coefficients of M adsorbed 
on 8 and B respectively and fug and the apparent activity 
coefficients of the J? ion on 8 and B respectively. The relation 
between the apparent coefficient, /k, and the real activity coeffi- 
cient, fn, is given for the exchanger 8 by the expression: 


fas = fBs • 


CHs 

- 1 

('Hg + ("HS 


(2) 


where cn^ and chs mean the concentration of the H ions on 8 
and of the not dissociated acidoid 8 respe(*tively. For the ex¬ 
changer B a corresponding expression is valid: 


fHa = fujt 


OBji 

("Hji + ("HR 


(3) 


By dividing (3) with (2) it appears that the ratio gives 

an approximate valiie of the relative acidoid strength of B and 
8, since it can be assunied that ~ This relation holds 
truo exactly if ///^ — fn^ and the doiible layers of the two acidoids 
do not intermingle. It is apparent from (2) that approaches 
when the degree of dissociation approaches 3, that is chs 0. 
Hy introducing the apparent activity coefficient into the formula, 
it is possible to account for the infliience of the acidoid strength 
on the distribution of cations between 8 and B. 

In the computation the affinity of the ion M for 8 and B is 
assumed to bo the same in all cases, i. e. fMg = 

In figiire 1 the great influence of the exchange capacity on the 
distribution of the ion M appears from a comparison of either the 
curves 1 and 3 or the curves 2, 4, and 5, where the acidoid strength 
is kept constant but the exchange capacity varied. The effect of 
acidoid strength on the ion distribution is represented in the curves 
1 and 2 as well as in 3 and 5, where the exchange capacity is kept 
constant but the acidoid strength varied. The inorease in percentagc 
adsorption on B in curve 6 as compared with 5 is due to a lower 
degree of M saturation in 6 than in 5. The curves 5 and 6 show 
that the major part of M is transferred from the acidoid 8 to the 
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Figuro 1. Influenoo of exchange capaoity and strength of acidoids on the distribu¬ 
tion, (ioinputed from formula (1), of a monovalent oation M betwr^en two aoidoids 
E and S mixed in various proportions. Tho following rases are considered: 

1. Cr ’ Ca (exchange capacity of R and S equal). A' — 1 (acidoid strength of R 
and S oqual). 

2. Cr = Ca* k ~ 10 (aeidoid strength of J? 10 tirnes that of S). 

3. Cr - 10. Cs, Ä- =- 1. 

4. f;/{= H-Cs, k =10. 

5. Cr - JO-(Ja. k -- 10. 

6. Cr - 10* Ca, k= 10, S saturated with 50% H and 50% M. 

Jt is presumed in all eases that, before roixing, R was H-saturatod, Sy excopt 
for No. 0, only M-saturatod, and — 


aeidoid B alrojidy at the weight ratio = 0.2. Above the ratio “ 0.5 
practi(ially the total ariiount of M is adsorbed on R, 

As aJready iiientioiied the activity eoefficients of M in the (^aleula- 
tions were supposed to be the same on all the exchangers. In actual 
(‘.ases they niay vary, but the variations for a c.ertain ion are i)rot)ably 
not great and can therefore not alter the trend of the curves. As far 
as the fM values can be determined or estimated, the influence of fM 
on the adsorption eqidlibria can also be accounted for by the formula. 
Tf M had been divalent, its adsorption on R would liave been fa- 
voured diie to the valence effect in the cases where Cr / Cs > 1. 

The curves 4, Ö, and 6 inay be considered approxiniately to re- 
present the ion distribution, if a H-saturated resin and an M-satiirated 
soil are mixed, R denoting resiii and S soil. The exchange capacity 
and the acidoid strength of many soils in relation to those of the ex- 
cliange resin are of about the same magnitude as used in the compu- 
tation. Consequently, the assumption is theoreti(3aHy supported that 
a practically complete extraction of soil-adsorbed cations by use of 
a H-resin is possible. 
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Experimental. 

Materials and working procedure. 

For practical pnrposes, it is of great interest to find out: 

1 . The time required for attaining equilibrium between resin and 
soil and if the rate of reaction is equal for different ions. 

2 . If the size of the resin particles influences the reaction rate and 
the equilibrmm. 

3. The appropriate proportions of resin and soil permitting a total 
extraction of the releaseable cations in the soil. 

The experiments were carried out with the resinous cation ex- 
changer Wofatit K, the exchange capacity of which is 2.5—3.0 m. e. 
per gram at pH = 7 and which is described by Griessbach (1939) 
and the author (1946), and an electrodialysed soil, the composition 
of which is as follows: Fine sand 22 . 0 %, silt 25.9%, clay 48.7 %, and 
humus 3.4 %. The exchange capacity of the soil amounts to 25 m. e./ 
100 gm. of soil, 

The resin was H-saturated by treatment with HOl, after that 
washed with Cu-free distilled water, dried, and fractionated into 
different particle sizes. The resin was then well moisiened. This 
requires several days at atmospheric pressure but is greatly hastened 
if the vessels are evaccuated (Wiklander 1946). After addition of 
the resin to the soil-water suspension, this was shaken repeatedly 
during the reaction time. To avoid wearing of the resin particles, 
all-time shaking was not used. The resin was readily separated by 
pouring the suspension through a silk cloth with a suitable pore 
size and washed with (Xlg-free distilled water until free from soil 
particles. The resin was transferred into percolation glass tubes 
with narrow and adjustable outlets, and tlie adsorbed ions were 
replaced by a slow leaching with 2 N. HCl through the resin column. 
In the leachate, containing only Cl as anion and free from silica and 
humus, the released cations could easily be determined after evapo- 
ration of the excess HCl. Sesquioxides were estimated by preeipi- 
tation with NH^ in the usual way. Ca was determined as oxalate, 
K as perchlorate, and Mn colorimetrically. Cu and Zn were esti¬ 
mated polarographically in an apparatus described by Eriksson 
(1949). When using a mixture of 1 N. NH 4 CI, 1 N. NH 3 , and 0.01 
N. (NH 4 ) 2 C 204 as supporting electrolytes, methyl red as a maxi¬ 
mum suppressor, and i^aaSOa as an oxygen consumer, it was found 
that Cu and Zn could be determined at the same time in the pres- 
ence of Mn, 
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Results from the experiments. 

1 . Eate of reaction between H-resin and soil. Ö gm. samples 
of the electrodialysed soil were saturated with 1.2 m. e. of KOH and 
4 mgm. of Mn, 4 mgm. of Ou, and 3.6 mgni. of Zn in tlie form of sul- 
phate. The soil was dried at 35—40® C, powdered, moistened for 
one day, and then niixed with well moistened Il-Wofatit (5 gm. in 
air-dried condition, grain size 0.83—1.17 mm.). After 1, 2, 4,10, 25, 
and 48 hours the ions released from the soil and adsorbed on the 
resin were dctermined as mentioned before. Dissolved sesqnioxides 
were also dctermined. The results are plotted in figure 2. 

The experiments show a high rate of reaction between resin and 
soil as most of the extractable ions were transferred to the resin in 
one hour. The first part of the ciirves is very steep indicating a 
rapidly reaehed exehange equilibrium. It appears from the figure 
that the curves for Mn and Zn (jan be considered as eomposed of two 
separaie ones; the first is very steep and represents the extraction 
mainly due to exehange; the second one with a sliglit slope indicates 
a slow dissolving luocess or release of ions fixed in not directly cx- 
changcable form. ISome of the zinc was probably fixed by the soil 
but could be slowly released by the IT-resin. The rate of the ion ex- 
change seems to be somewhat less for zinc than for the other ions. 

The faet that only about 90% of the potasshim was released indi¬ 
cates a considerable fixation of the added potassium in nonex- 
ohangeable form. This was to be expeeted as the K was added to the 
electrodialysed soil, whhih was subsequently dried. That K was 
fixed under the (ionditions obtaining is supported by some results 
presented below, cf. table 1. 

Tiiteresting is the faet that more manganese was extraeded by the 
resin than what had been added to the soil. This must be explained 
by a dissolution of manganese oxides present in the soil or precipi- 
tated during the electrodialysis. A mobilization and subsequeiit 
partial precipitation of Mn during the ele(*trodialysis is very prob- 
able. The dissolution rate of sesqnioxides is high at the beginning 
but goes down considerably at a longer reaction tinie. 

2 . lielease of ions by resin of various grain sizes. To en- 
able a conveiiient separation of resin and soil, one should work with 
resins whose partieie size is considerably greater than that of the 
major i)ortion of the soil. For this reason, it is of importance to exa- 
mine if the rate of reaction is in any substantial degree affeeted by 
the outer surface of the resin, i. e. the size of the resin i)articles. 

20 gm. samples of the electrodialysed soil were saturated to 90 % 
of the exehange eapaeity with 3.4 m. e. of Oa (OH) 2 , 1 m. e. of KOH, 
and 4 mgm. of Mn as sulphate. The soil was then dried, moistened for 
one day and mixed with 20 gra. (as P 205 -dried) of well moistened II- 

43 — 48106 Kungl. Lantbrukahögakolanii Annaler. Vol. 16 
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Reoction time. hours 


Figure 2. Influenoo of reaetion time on the releaso of Mn, Zn, Cii, K, and sesqiii- 
oxides from 8<»il by adsorption on H-Wofatit. 5 gm. resm (air-driod) + 5 gm. soil 

in eaoh syatem. 


Wofaiit of varying grain size. After 24 hours the resin was separated 
and the adsorbed ions were determined as de8(‘Tibed before. 

For comparisoii a sample of the electrodialysed soil, treated with 
H-resin in the same way, was included. The extraetion power of 
the resin was compared to that of 1 N. ammonium acetate. 50 ml. 
were added to the soil, which was shaken for 24 hours and then 
leae.hed on filter paper with 15 ml. portions ten timcs. The results 
are given in table 1. 


Table 1. Release of ions from soil by adsorption on U-Wofaiit of 
various grain sizes, Time of reaetion hetween resin and soil was 

24 hours. 



AtlHorbod on rosm iii % of ions udded to soil by 

rosin of gram sjze 1 

1 N. 

CH 3 CO 2 NH 4 


0.30 “0.42 

0.42—0.69 

0.83—1.17 

1.6—2.0 

0.42 0.69‘ 

Ca. 

102.7 

103.9 

103.0 

86.4 

114 

102.7 

91.7 

112 

0.70 

3.3 

9.7 

30 

98.3 

K. 

89.3 

91.3 

Mn . 

116 

118 

81 

iSesquioxides 
dissolved in 
% of soil. . 

0.80 

0.78 

0.70 

0.69 

0 


^ No ions added to this sample wbieh servod as a comparison. 
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From table 1 it appears that tlie release of Ca and K is not in- 
fluenced by the particle size of tho resin for the reaction time nsed 
here. The release of Mn and the dissolution of sesquioxides seem to 
decrease slightly with increasing particle size, although the decrease 
can hardly be regarded as significant. In the lowest size group the 
values turned ont slightly lower than in the next group. This is 
probably due to the fact that some of the smallest particles were 
lost in the separation. 

The resin relcased somewhat more Oa than added which is ex- 
plained by the fact that the H-saturated soil contained small amounts 
of releaseable Oa. The K values indicate that around 10% of the 
added K bee/ame fixed in the soil. This is the same value as was 
obtained in the time series (cf. fig. 2). In the H-saturated soil the 
release of K was rather high, which indicates that the soil contained 
some excliangeable K or that K had been set free from its fixed po¬ 
sition during the storage. 

Somewhat inore Mn (calculated in per cent of added) was extrac- 
ted in this experiment than in the time series. This is explained by 
the fact that in the former case the eoncentration of added Mn was 
one fourth of that in the latter and the amount of extracted Mn 
emanating from the soil itself therefore higher. This also explains 
why the Mn release in the H-saturated soil (jould amount to 30%. 
To this high value may also liave contributed a higher solubility 
of the manganese in the acid soil thaii in the neutralized one. 

From the exi)eriments it can be (joncluded that the grain size of 
the resin does not play any substantial röle for the reaction rate for 
the ions and reaction time used here. This is in accordancc with the 
findings obtained in the time series. For very short reaction times, 
however, differences are probable for minor elements such as Zn 
and ('U. From a practical point of view neith(‘r small-grained re- 
sins nor big-grained ones are suitable, as the former are difficult to 
s<‘parate frorn the soil and the latter might offer difficulties in re- 
placing the adsorbed ions due to the formation of voids in the per- 
(iolation tube. 

3. The effect of the proportions of resin and soil on the 
distribution of adsorbed cations. For practical purposes, it 
is important to find the appropriate amount of resin for extraction 
of the releaseable ions in a certain amount of soil. Theoretically, 
it was found (fig. 1) that the distribution of metal cations between 
two exchangers resembling H-resin and soil favoured the adsorption 
of the metal cations on the resin to such an extent that a i)ractically 
total adsorption of these ions on the resin could be ac(*>ompli8hed at a 
cornparatively low resin/soil ratio. If this ratio can be kept low, it 
would be an advantage in many ways. The following experiments 
were performed to study this problem. 

5 gm. samples of the electrodialysed soil were saturated with 1.2 
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Figurö 3. Reiease of K, Cu, Mri, and Renquioxides from Hoil on addition of varion« 
axnounts of H-Wofatit. In each system 5 gm. soil and 40 ml. solution. 


jtn. e. of KOH and 4 ingm. of Mn and 4 mgm. of (^u as BiilphateB and 
shaken for 18 hours. Varions amounts of ll-Wofatit (fraction 0.42— 
0.69 mm.) were added to the suspensions, which were shaken time 
and again for 48 hours and then subjected to analysis as described 
before. The results are given in figure 3. 

From figure 3 it appears that the resin/soil ralio required for a 
praotically complete extraction of the soil-adsorbed ions varies with 
the nature of the ions. This ratio, which increases in the order: 
Mn < Cu < K, gives the affinity of the resin in relation to that of 
the soil for these ions. The affinity is particularly great for Mn, 
which is in accordaiice with the results gained before. That K is 
more weakly adsorbed than Mn and Cu, is in agreement with the 
theoretically well-founded fact that the adsorption of divalent ions 
in relation to that of monovalent ones is favoured by a high exchange 
capacity of the adsorber, which is caused by the interrelation of the 
ion valency and the activity of the ions in the adsorbed position and 
in the interrnicellar solution. In this case the exchange capacity 
of the resin is about ten times that of the soil. Beside the valence 
effeet the relative magnitude of the activity coefficients of the ions 
taking part in the distribution equilibrium is in a high degree deter- 
mining the relative affinity of the ions for the resin. This is particii- 
larly the case if the ions form complexes of different strength with 
the soil or the resin, which may overshadow the valence effeet. 

In addition to the results graphed on figure 3, the experiments 
also ineluded a resin/soil ratio cqual to 1.8, which ga ve the follow- 
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ing amounts adsorbed on the resin: Mn = 113 (the same as at ratio 
= 1), Cu = 99.6, and K = 97.7. It should be noticed that, contrary 
to the earlier experiments, the soil was not dried after the ions were 
added. This may ha ve rendered copper slightly more exchangeable 
than it would have been after drying the soil. By comparison of 
figures 2 and 3, it is evident that the drying of the soil decreased 
the released amount with about 5 per cent, probably caased mainly 
by a fixation in a non-exchangeable form. 

The dashed part of the Mn curve is supposed to illustrate the ad¬ 
sorption of Mn if only the added Mn were releaseable. Interesting 
is the fact that the dissolution of Mn reached a certain value, not 
dependent on the resin/soil ratio. 

The dissolution of sesquioxides seems to approach a certain final 
value at resin/soil ratios abo ve 0.6, indieating the existance of a 
certain amount of soluble sesquioxides in the soil. 

From this experiment it can be eon(*luded that a weight propor¬ 
tion 1 :1 of H-resin and mineral soil is sufficient to transfer practi- 
cally all releaseable soil-adsorbed cations to resin-adsorbed condi- 
tion. If the exehange eapacity of the soil is low, a lower ratio will 
probably suffice. 


Conclusions. 

From theoretical discussions on the primary factors determining 
the distribution of cations between different ioii exehangers, it was 
found that th(‘ exehange capaeity and the acidoid strength of the 
exehang(*rs exereise a very great influenee on the distribution. By 
mixiiig an M-saturated exehanger of low exdiange capaeity and 
a(*idoid strength with an appropriate amount of a Tl-saturated one 
of high eapaeit-y and acidoid strength, the M ions will be practically 
(‘ompletely adsorbed on the latter exehanger. Systems of that kind 
are soils and Il-resins of the type used here. From the experiments 
it appeared that a resin/soil weight ratio of 1 (for mineral soils) and 
a reaetion time of 2—4 hours are sufficient for this purj)08e. The 
results indicate that certain ions, e. g. Zn, requirc a somewhat longer 
extraetion time than others. Because the solubility of sesquioxides 
iiicreases within certain limits with extraetion time and resin/soil 
ratio, the dissolution of sesquioxides, if preferable for the following 
analyses, can be kept low by taking as short a time and as low a ratio 
as possible. It seems feasible to get an approximate separation of 
easily releaseable (mainly exchangeable) manganese and the more 
slowly releaseable (difficultly soluble) manganese forms by choosing 
a suitable extraetion time, e. g. 1 —2 hours. 

The exehange method may prove to become a useful aid for cer- 
tain purposes, e. g. deterinination of potassium fixation in soil and 
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of some minor elements in soil, as manganese, copper, zinc, cobalt 
etc,, since they can all be estimated by one extraction. More data 
are, however, required for a real evaluation of the suggested method, 
particularly comparisons with other methods. 

The ion exchange method seems to offer a useful tool also in ano- 
ther respect, namely for estimation of acidoid-bound cations and 
free salts and, with correction for possible carbonates, even for esti¬ 
mation of cations originating from dissolved oxides. The reactions 
taking place between H-resiii (R—H^) and the main components of 
the soil can be written as follows: 

1 . Dissolution of oxides: 

Mr 

K—H; + M 2 O 3 = “ +3 HaO (= Em,o.) 


2. Dissolution of carbonates: 


li—lln + CaOOa == R< + II 2 O 4 COg (-= Ecaco,) 

rin-2 

3. Exchange of cations from salts: 

R—lln MA -- r< ! HA Ema) 

4. Exchange of soil-adsorbed cations: 

K—Hi -f- Soil—Mi, = + Soil—H,„ (--= Ehoum) 

E inside parenthesis denotes milliequivalents adsorbed on the 
resin. 

Aftcr the resin has boen freed from soil, the m. e. of (*ations iid- 
sorbed in total Et — EmsOs + Ecacoa ^ Ema Esoii m) on the resin 
can be dctennined by titration of the resin up to a suitable pH, the 
difference between the exchange capacity of the resin at this pH and 
the titration value being the sum of cations emanating from the soil 
Et). Carbonates, if present, can be determined by usual methods 
directly on the soil. Hince reactions 1 and 2 produce no acidity, a tit¬ 
ration of the soil, after the resin has been separated, up to the ori¬ 
ginal pH will give Ema 4Esoii m, i. c. the sum of free salts and cations 
adsorbed. If possible the titration should be carried out with the 
same kind of ion as dominates in the original soil. A titration blank 
on the same volume of water from the resin, treated in the same way 
but excluding the soil, should be run, as the resin might yield small 
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amounts of acidic products. In ordinary soils the contents of free 
salts usnally are small in comparison with the amount of soil-ad- 
sorbed cations and can therefore be neglected (Esoiim> Ema). The 
titration of the resin-treated soil up to the original pH will thus 
give a direct value of the soil-adsorbed cations. This inethod should 
be applicable preferably to soils rich in hnrims for detennination of 
their titration (‘urves as there are no losses of high-dispersed huinic 
acids. 

If the free salts (Ema) are to be determined, it can be done in se- 
veral ways, e. g. by centrifuging, filtration through mernbrane fil¬ 
ters, or dialysis of the soil af ter the resin separation, and a direct 
titration of the liberated acids. A subtraction of these acids then 
gives the real acidoids. The difference Et—(E caco»+EMA + EsoiiM) 
gives EmjOs, i. e. the amonnt of oxides dissolved froin the soil. 

The procedurcs of inaking a soil base-unsatiirated and desalted 
have generally been to leach with a dilute acid, to dia-lyse or electro- 
dialyse, the first inethod of which is rather tedious and the t-wo latter 
recxuire a long tiine. If tlie soil contains only carbonates and/or small 
amonnts of salts other than carbonates, a treatment with Il-resin 
will yield a soil for many purposes safficiently base-unsaturated in 
a few hours without any loss of organic inatt(U‘ as is the case in elec- 
trodialysis. The small amounts of mineral acids reniainiiig in the 
soil after the cation extraction, can be removed, if nec.essary, by 
adsorption on a weak anion-ex(dianging Oll-saturated resin in the 
same way as by treatment with Jl-resin. 

Further experiments are, however, needed for a real evahiation of 
the appli<*abilit y of excliange resins in t he various respects discussed. 


Sumiiiary. 

The distribution of a monovalent ion (M), in equilibrium with II*^, 
beiween two a-cddoids of different properties and mixed in various 
ratios has been calculated. 

It has been shown how the exchange (‘ai)acity and the strength 
of the acidoids influence the distribution and how a prac.tically 
cornplete adsorption of the ion M on th(* stronger acidoid (*an be 
broaght about by an appropriat(‘ choic-e of the ratio of the t wo acid¬ 
oids. 

The ai)plicabitity of the inethod for the detennination of release- 
able ions in a soil was investigated, a mineral soil saturati^d with 
(‘.ert.ain ions and a sulphonated resinous exchanger, Wofatit Iv, 
being used. The influence of reaction tinie, grain size of resin, and 
resin/soil ratio on the distribution of cations was examined as well 
as the dissolution of sesquioxides from the soil. The experiments 
showed a high rate of reatdion, as the major or total amount of 
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releaseable ions was extracted after two hours. They further showed 
that the grain size apparently bad no inflaence on the distribution 
of the ions examined and for the reaction time used and that a resin/ 
soil ratio = 1 was high enough to enable a practically complete 
extraction of the releaseable ions. 

It was suggested that the exchange method can be used for a 
rapid base desaturation of a soil and determination of the amount 
of adsorbed cations and free salts in a soil. 
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Red Clover and Alfalfa in Rotation Leys and 
Methods of Seeding the Leys. 

By EWERT ÅBERG. 

From the Institute of Plant Huabandry, 


Introduction. 

As cRTly as 1905 Professor A. Sjöström started experiments at 
intima with different methods of establishinf^ rotation leys of le- 
gumes and gra8S(*>8. IIis first experiment was jjart of a erop rotation 
experiment and dealt Avith the influenee of different nurse erops on 
tlK*. establishment of leys. Sjöström (1925) was mainly interested in 
comparing spring sown and fall sown cereals as nurse eroi)s for spring 
sown legumes and grasses under the eonditions at Fltuna Avhere the 
weather during late si)ring and early summer is rather dry, and the 
soil is a heavy elay. From these experiments, Avhieh A\ere eontinued 
up until and ineluding 1940 it ean be eoneluded that legumes and 
grasses sliall be seeded Avith a spring soAvn erop as the nurse erop 
(ÅRERd 1940 a). 

After Sjöström liad studied the above inentioned experiments for 
a few years and folloAved the development of tlu* rotation leys he de- 
cided <0 start a iieAv experiment in AAhieh red elover and alfalfa A\"ere 
(*-ompared as tlie main h^gume in the seed inixlures. Jt A\as started in 
1919 as a erop rotation experiment and is still being run allhough 
aeeording to another plan t han the one made in 1919 (Åbero and 
Fall 1947). In this (‘xperinumt it Avas found that at Ultima alfalfa is 
sup(‘rior to red elover in rotation leys that are kept for three or more 
years (Åberg 1940 b, Åberg and Fall 1947). It. aars also found that 
red elover is superior to alfalfa in yielding eapacity during tlie first 
year but inferior during the folloAving years. The main r(‘ason for 
this is that red elov(»r is badly attacked by Sdcrotinia trifoliont^n 
Frikss. and by Dityletichus dipaaci (Kiihn) Filipjev. 

Beeause of the results from these two experiments the a\ riter 
started in 1936 a series of experiments Avith the intention of studying 

1) the value of seed mixtures of red elover and alfalfa and 

2) different methods of seeding the leys. 
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Later on Åkerberg (1948) has published results with red clover 
and alfalfa obtained in an experiment at Ultuna during the very dry 
summer of 1947 when only 94.4 mm rain fell between May 1 and 
Jnly 31 instead of the normal 153.2 mm (55 year average). His re¬ 
sults show that alfalfa yields more than red clover in leys that are 
two years or more old. But he could also show that during a very 
dry season, like the one in 1947, even the first year^s ley of alfalfa was 
superior to the red clover ley of the same age. He used (M/mm 
alfalfa and Ultuna red clover. On basis of material that originates 
from a series of experiments carried out at the main station and the 
branch stations of the Swedish Seed Association during a period of 
25 years Jitlén (1948) discussed the value of red (dover <and alfalfa 
in rotation leys. Alfalfa was superior to red clover during the secoiid 
harvest year in all the loealities while red (dover was superior to 
alfalfa during the first harvest year at four localiti(‘S and inferior at 
one. 


Rotation leys with red clover and alfalfa as the main 

legumes. 

According to similar plans experiments with seed mixtures in 
which red (dover and alfalfa were the main parts, were started at 
Ultuna and at Kungsängen in 1936. At Ultuna they were seed(*d on 
hcavy elay soils with a pll-value of 7 or more and with a low ground 
water level, at Kungsängen on a medium heavy soil with a lower 
pH-vahie than at Ultuna and with rath(‘r high ground wat(‘r level. 
Two plans were followed. In each one of t hem five seed mixtures 
(treatrnents a to e) were used. There were five plots seeded wdth 
each one of the mixtures. The plots were 40 m^ (6 >'0.67 m). The 
plans, iiamed plan I and plan II, were sucdi that the seed mixture in 
plan 1 consistcd basically of two thirds red elov(»r or alfalfa and one 
third timothy and in plan II of one half red elov(*r or alfalfa, one 
sixth alsike clover and one third timothy. The differences within 
the illans consisted of the relationship between red (dover and alfalfa 
ill the treatrnents. In both the plans this relationship was as follows: 


Treatrnenf: 

a 

b 

c. 

d 

e 


Fercentage red clover H alfalfa 

100 } 0 
75 + 25 
50 I 50 
25 + 75 
0 100 


All relationships are based on caleulated number of seedlings per 
hectare. The strains of the different plants were: Ultuna red clover, 



Table 1. Average yields of hay per Ixeciare from experiments tcith seed mixUires at TJltuna and Kungsängen 
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Uliuna or Svea alsike clover, Orimm alfalfa and Kämpe II or Kolja 
timothy. 

Because of the labor shortage during the second world war the 
experiments could not be carried tbrougb during a five year period 
as originally planned. Instead they were harvested up to and in- 
cluding 1940 and in one case up to and including 1941. The detailed 
results were published by Åberg (1947 a) and are summarized below 
in table 1. 

From the figures in table 1 it is evident that during the first year 
red clover gave a higher yield than alfalfa both at Ulturia and at 
Kungsängen. During the second year alfalfa was superior to red 
clover at Ultuna but inferior at Kungsängen. This difference can 
be fully explained by the above given difference in soil between the 
two places, in the pH-value of the soil and in the ground water levels. 
While the conditions at Ultuna are typical of those under which 
alfalfa and red clover can be grown together, the conditions at Kungs- 
ängen are those where such mixtures should not be used. The fol- 
lowing diseussion will therefore deal with the results frorn Ultuna. 
The exi)eriments there show that during the first year there is a very 
small difference between the yields from treatments a, b and c and 
that this is independant of whether Plan 1 or Plan 11 was used. But 
during the second year there are remarkable differences showing 
that the higher the perc^entage of alfalfa in tlie mixture the liigher 
the yield per hectarc. If the yields from both the harvest years are 
considered it is found that in a mixture, where the legumes amount 
to two thirds of the total mixture red clover and alfalfa grown to¬ 
gether give better results than if each one of them is grown alone. 
Mixtures of 75 % red clover I 25 % alfalfa or 50 % red (tlover H 50 % 
rdfalfa have proven preferable. To the farmer this means that r<‘d 
clover (‘an be used in percentages between 50 and 75 and alfalfa in 
I)ercentages between 25 and 50. Examples oii such seed mixtures 
are in kg per hc^.ctare: 

10 alfalfa -I 6 red clover+2 alsike (‘lover+5 timothy 
or 6 alfalfa -I 13 red clover+5 timothy. 

Th(' above diseussed experiments wer(^ carried out in niiddle 
8weden and in leys wdth a duration of two years. They were har¬ 
vested at the normal tirnc for red cIovct harvest. During the first 
year this is also the correct way of harvesting the mixtures of red 
clover and alfalfa as shown by Åberg (1940 c). Alfalfa develops 
muc.h b(4ter during the second year if it is harvested twice during 
the first year than if it is harvested more oft(*n. During the second 
year, however, three harvests give a higher total yi(dd. 

One cannot expect tliat a ley of red clover and alfalfa will be used 
advantageously if it is kept for only two years. Ina few experinumts 
at Ultuna between 1943 and 1947 leys were therefore established 
with seed mixtures similar to the ones discjusscd above. They were 
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kept for a period of three years and were harvested three times per 
year af ter they came into their second har vest year. In these experi¬ 
ments other grasses than timothy were also used. The detailed re- 
sults from these experiments were published by Fall and Åberg 
(1948). In one of these experiments the plan was as follows (the fi- 
gnres ref er to kg seed per hectare). 

a. 15 red clover (Ultuna) 1!) alfalfa (Grimm) 

b. a -f 5 timothy {Gloria) 

c?, a -f 5 orchard grass (Tardus) 

d. a f 5 perennial ryegrass 

a 4 5 field brome grass (Pyramid) 

In table 2 the average yields of green weight per hectare in this 
experiment are given. 


Table 2. Average yields of green weight per hectare from experi¬ 
ments with seed mixtures at Vltuna 1944 — 1947, 
(Treatments see above.) 


Tn^atmeiit 

Fir^t 

dt 1 

1944—46 

Hel. 

Second your 1945—46 

Third joar 1946—47 

dt 

Kel. 

dt 

Hel. 

a 

1 293.0 1 

100 

398.4 

100 

332.2 

100 

b 

1 292.8 i 

99.9 

382.8 

96.1 

312.9 

94.2 

c 

301.8 1 

10.3.0 

399.8 

100.3 

319.5 

96.2 

d 

302.9 < 

10.3.4 

392.0 

98.4 

317.9 

9,5.7 

e 

308.6 1 

10.5.3 

397.8 

• 99.8 

323.2 

97.3 


From these yield it ean be eoneluded: 

1. J^elween the seed mixtures with grasses and those without Ihere 
were no real differeiices 

2. Betweeii the mixtures including differeut grasses there were no 
real differeiices • 

3. The red clover and alfalfa mixtures gave slightly higher yields 
duriiig the scicond year than during the first and third. 

4. The yield during the third year was high enough so t hat the leys 
could profitably hav(‘ been kept for more than three years. 

The botanical analyses showed that among the legumes red clover 
dominated during the first year and alfalfa during the Second. Dur¬ 
ing the third year alfalfa was practically the only legume left. The 
grasses remained almost unchanged during the period of three years. 

During the years from .1943 to 1947 two preliminary experiments 
with seed mixtures were carried out. They were planned as follows 
(figures give kg per hectare). 
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Fig. 1. Seod mixture experiment. Alfalfa and timothy (in the background), red 
clover and timothy (in the front). Third Harvest year. Ultuna 1947. 


Experiment I. 

a. 25 alfalfa (Orimm) 

b. 20 alfalfa 4 10 timothy (Oloria) 

c. 20 red clover f 10 timothy 

d. 20 alfalfa + 10 timothy + 5 yellow trefoil 

e. 20 alfalfa + 10 timothy + 5 early red clover (Essi), 

Experiment II, 

a. 20 red clover (Ultuna)-h 10 timothy (Gloria) 

b. 20 alfalfa (Orimm)+ 10 timothy 

c. . 20 red clover f 10 orchard grass (Tardus) 

d. 20 alfalfa +10 orchard grass 

e. 20 red clover +10 perennial ryegrass. 

Tn these two experiments the botanical analyses as given in table 
3 show the variations in the stand. The figures illustrate above all 
the differences in duration of red clover and alfalfa in leys. Tlie red 
clover is practically eliminated in the third year while the alfalfa at 
that tinie is actively growiiig and gives a high yield. From the table 
it can also bé found that even smaller percentages of red clover than 
the ones mentioned above rnight be considered for mixtures of red 
clover and alfalfa. Treatment e in experiment 1 shows this very 
nicely. It is also evident from the table that the grasses only slightly 
influence the results with different mixtures of red clover and alfalfa. 

During the period from 1943 to 1947 the Chemical comi) 08 ition of 




Table 3. Botanical andlyses oj the hay and yield per hectare in kg. (Preliminary experiments 1945—1947.) 
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the Products obtained after the different treatments was determined 
and it was shown that alfalfa competes very well with red clover in 
rcgard to feeding value (Fall and Åberg 1948). 

As all of the above discussed experiments are from a limited area 
in Middle Sweden the results can not be accepted as applicable in 
other areas without first having been confirmed under the condi- 
tions in such areas. For Southern Sweden this has already been done 
by ScHWANBOM (1944,1947) who started in 1940 similar experiments 
at Weibullsholm, Landskrona. His results agree closely with the 
ones obtained at Ultuna. 

It must be stated here that in spite of the favorable results with 
alfalfa this plant can not replace red clover in Sweden. Rather red 
clover will remain the principal legume for the rotation leys in Swe¬ 
den. Even if alfalfa has a number of advantages such as good dura- 
tioii in the leys, good yields over a longer period of time than red 
clover, good drought resistance, freedom from attacks by parasites 
and good after effect on the crops following the leys it also has its 
disadvantages such as high requirements in soil drainage and soil 
nutrition and poor seed set if grown for seed under Swedish condi- 
tions. Therefore alfalfa and red clover should be used together on 
all soils where this is possible. This should be practised particularly 
during a period like the present one when red clover is badly attacked 
by parasites as Sclerotinia trifoUorum and Bitylenchus dipsaei and 
fitrains that are resistant to these parasites are not yet available for 
all parts of the country. 


Methods ol* seeding rotation leys. 

Tn the area around Uppsala there is a dry spell during lati‘ spring 
and early surnmer. Therefore the methods of seeding are very im- 
portant for the results with the establishmeut of rotation leys. As 
discussed above Sjöström showed, that seeding during the spring is 
preforable to seeding during the fall. ITe did not, however, (*ompare 
methods of seeding during the spring and therefore experiments on 
this point seemed justified. They were also planned simultaneously 
with the seed mixture experiments in 1936 and were started that 
year accjording to the following plan: 

a. seed broadcast and harrowed under 

b. seed broadcast 

c. seed broadcast and harrowed under; plots thereafter rolled. 

d. seed drilled 

e. seed drilled; the plots thereafter rolled. 

The seeding took place immediately aft-er the seeding of the nurse 
crop, which was small grain. The seed mixture consisted of red 
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Table 4. Average yields of hay per heetare from experiments with 
methods of seeding at Ultuna and Kungsängen 1937 — 1941, 
(Treatments see above.) 




Ultuna 

1 


Kungsängein 


Trontment 

Firwt 

year 

Seeond year 

First 

year 

Seeorn 

1 yoar 

10» 7 

— 40 

10:)8 

—39 ji 

1937 

41 

1938 

~39 


dt 

Kel. 

dt 

Kel. 1 

dt 

Kol. 

dt 

Kel. 

a 

r)7.3 

100 

38.2 

100 

73.8 

100 

99.5 

100 

b 

57.8 

100.9 

42.5 

111.3 

70.3 ! 

95.3 

103.2 

10.3.7 i 

o 

58.9 

102.8 

»8.8 

101.6 1 

74.7 

101.2 

101.8 

102.3 i 

d 

04.8 

113.1 

44.] 

115.4 ; 

76.7 

103.9 

94.1 

94.6 1 

o 

63.1 

110.1 

42.4 

111.0 I 

75.8 1 

102.7 i 

99.2 

99.7 ! 


clover (Ultuna), alsike elover (Ultuna or Svea) and timothy (Kämpe 
II or Kolja). Eaoli ploi was 40 m- (6 x 0.07 m), Tliere were five 
plots within cacli one of the treatments. The experiments eoiild be 
followed durin^^ the period from 1937 to 1941. Detailed results were 
given by Abkrg (1947 b) and a summary of these are shown in tabh? 4. 
it is evident that very good results were obtained on the drilled 
plots at Ultuna with an inerease of 10 to 13% compared to plots 
where the seed was broadcast and harrowed under. Also at Kungs¬ 
ängen the drilled plots gave better results than the ones with the 
seed broade-ast and harrowed under but the yield inerease during the 
first year is not as high as in the experiments at Ultuna. The reason 
is that the ground water level at Kungsängen is liigher than at 1^1- 
tiina and e.onsecpiently the effeet of a dry summer not as serious for 
tlu» gerrnination of the seeds as at Ultuna. During the seeond year 
of harvest the differenees between the plots with drilled and broad- 
(iast seed liad disappcared. ^''his niight be explained by attacks of 
parasites on the (lovers during the fall and winter following the first 
harvest year, whereby the influ('n(*e of methods of seeding is elimi- 
nated. On the basis of the first year’s results it is reeommended that 
the rotation leys be esta bli shed by drilling the se(*ds in a spring sown 
nurse erop. 

Iristead of seeding the legumes and grasses simultaneously with 
tiie nurse erop they are sometiines sown after the nurse erop has 
emerged. In an experiment, started in 1943, the latter inelhod was 
compared with the first rnent ioned one. This expcuiment was seeded 
witli a mixture of alfalfa (Grimm), red clover (Ultuna) and timothy 
(Gloria). 

The experiment was planned as follows: 

a. seed broadcast immediately after the drilling of t he nurse erop. 

b. seed broadcast as in a; plots immediately rolled. 

44—48601 Kungl. Liintbrukahoyskolam Annaler. Vol. 16 
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Fig. 2. Mothods of seeding. Seod broadcast simultaneously with the drill ing of 
the nurse crop. — Ultuna 1947. 



Fig. 3. Methods of seeding. Seed drilled simultaneously with the dnlling of the 
nurse orop. - Ultuna 1947. 


C. seed drilled iniinediately after the drilling of the nurse crop. 

d. seed drilled after the emergence of the nurse crop. 

e. seed drilled as in c; plots immediately rolled. 

The plots were 15 m^. Within each treatment there were five 
plots. The results from the experiment are given in table 5, where it 
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Table 5. Average yields of green weight per hectare from experi¬ 
ments with methods of seeding at UUuna 1944 — 1947, 
(Treatments see above.) 


Treatment 

First year 

1944—4Ö 

Second year 1945—47 

Tliird year J 94Ö—47 

(It 

Kel 

dt 

Hel. 

dt 

Hel. 

a 

205.2 

100 

346.7 

100 

330.9 

100 

b 

219.5 

107.0 

352.4 

101.6 

333.9 

100.9 

<5 

252.8 

12.3.2 

399.0 

115.1 

374.0 

113.0 

d 

194.0 

94.5 

230.5 

66.5 

279.2 

84.4 

e 

257.9 

125.7 

413.0 

119.1 

368.0 

111.2 


is showi) that legumes and ^^rasses drilled immediately after the drill- 
ing of tlie nurse croj) ga ve belter results than when they were drilled 
after the emergence of the erop. It is also shown in the table that 
broadcasting the seeds simultaneoiisly with the drilling of the nurse 
erop is inferior to drilling it at the same tiine but superior to drilling 
it after the emergence of the erop. 


Summary. 

The paper is in itself a summary of results from experiments with 
seed mixtures of red clover and alfalfa in rotation leys and with me¬ 
thods of seeding grasses and legumes for the establishment of rota¬ 
tions leys. The experiments were carried out at the two farms Ultuna 
and Kungsängen both of whieh belong to the Koyal Agricultural 
Ck)llege. At an earlier date the results here summarized were pub- 
lished in detail in Swedish in a series of papers (see above). Jt was 
shown that alfalfa and red clover can advantageously be used to- 
gether in rotation leys provided the ground water level is low and the 
pll-value of the soils is 7 or niore. Drilling the seed immediately 
after the drilling of the nurse erop is preferable both to drilling it 
after the emergenc.o of the nurse erop and to broadcasting it at the 
time of drilling the nurse erop. 
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Effect of Hormone Derivatives on Weeds and 
(^lultivated Plants. 

By EWERT ÅBERG. 

From the IfiJihtvtc of Plant Huahandry 


Introduction* 

Duriri^? tlio years from 1946 t-o 1948 investipitions with hormone 
derivatives a^jainst weeds were earried out ai the Institute of Plant 
Hiisbandry at the lioyal A^^ricultural (College, Uppsala, or in coope- 
ralion with this Institute. The results from these investipitions havo 
been publislied yearly by Denwaru and Åberg (1947 a, 1947 b), 
ÅBERG and Denwart) (1947 a, 1947 b), Åberg, Hagsand and 
Vaårtnög (1948), Grajshall and Zienkiewioz (1948), Hagranb 
and VÄARTNÖiT (1949 a, 1949 b), Denward (1949) and Hylmö 
(1949). A ^ieneral survey of hormone d(Tivatives was given by Os¬ 
vald (1947 a) and reviews of recent literature on the subjeet by 
Åberg and Denward (1947 b) and by Åberg, Hagsand and Väärt- 
NÖIT (1918). Ke(‘ently a rathcT detailed survey of the results during 
the three year period frorn 1946 to 1948 was publislied in Swedish 
by Åberg (1949). It is sumniarized in this pajier mainly with the 
intention of giving the 8wedish experienees. The followirig outline 
is followed. 

(1i(*nical substan(*e8. 

Time of tveatnient. 

Methods of treatment. 

Inaetivation and aetivalion of ehemieals. 

Differenees in rcsistanee between biotypes. 

Quality of the produ(*4s from treated plants as well as the chemieal 
eomposition and metabolism of treated plants. 

Tnfluenee on seeds from tr(»ated plants and on the generation fol- 
lowing the treated one. 

New fields within plant hiisbandry where hormone derivatives 
might be used. 

Surnmary and fiitiire tasks. 
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Table 1. Effect on weeda by different Chemicals during 1947 and 
1948. Snrviving planta in number per agnare meter. 



4K-2M sodium 
salts in 



2,4-D in 




Agro- 

xone 

P 46 

sodium 

salt 

ammo* 

nium 

salt 

triotha- 

nol- 

amine 

salt 

morpho- 
Ime salt 

ethyl 
ester in 
Weedone 

butyl 
ester in 
Strongs 
2,4.D 

Aotive substanoe per hect- 

are. 

Sinapis arverisis, 1947 . . . 
Chenopodium albums 1947 

Oaleopsis spp., 1947 . 

Oalium aparine. 1947 .... 
Centaurm cyanun^ 1948 . . 

1.0 l 
0 

0 

5 

23 

26.5 

1.0 1 
0 

0 

28 

23.2 

1.1 kg 
0 

15 

i24 

!3~5.5 

1.0 kg 
1 

8 

15 

29 

2.5-19 

0.8 kg 
0 

3 

13 

1.4 kg 
0 

17 

28 

5 

1.0 1 

0 

0 

14 

32 

0-1 

1.0 1 
0 

0 

23 

0 

Activo substanoe per heot- 
are. 

[ 2.0 1 

1 

1 

2.0 I' 

2.2 kg* 

2.0 kg 

.3.0 kg 

2.8 kg* 

2.0 1 

2.0 1 

Taraxacum spp., 1947 . . . 

Ö2 

54 1 

32 i 

12 

16 

16 

16 

8 

Taraxacum spp., 1948^.. . 

1 0 

9 i 

7-8 1 

6 

6 

6 

2 4 

3 


Chemical substances. 

Buring the invcstigation period of three years a greal iiuniber of 
weed killera were tested but tliey are not discussed lier(^ Inst-ead tlie 
different a(jtive Chemicals in the weed killers are considere(i. As 
shown in table 1, several Chemical substances were tested. The weed 
species in the table serve as illustrations of the reactions of groups 
of wecds. It is found that weeds which Sinapis arvenaia represents 
are easily killed by all tlie Chemicals tried. The groups that Cheno- 
podium album represents is more easily killed by the 4K-2M sodium 
salt and the 2,4-1) esters than by the metallic salts and Wio aniine 
salts of 2,4-JJ. This might be explained by the fact tliat bec.ause of 
their oily nature 4K-2M sodium salt and the 2,4-1) esters are able to 
penetrate the plant tissucs more easily than the water Solutions of 
the powdered 2,4-1) salts. Centaurea cyanua and Taraocaium spp. 
are representatives of groups that are more sensitive to 2,4-1) than 
to 4K-2M. Oaleopsia spp. appear more sensitive to 4K-2M than to 
2,4-1). It was 011 the basis of expcricnce as illustrated by these 
examples that Hagsand and Vääetnött (1949 a) distinguished be- 
tween the following groups of Chemicals. 


^ The freqiienoy of ciandelions givon according to a gradatioii whore 0 means 
no plants and 10 a dense stand. 

* 2.0 kg during 1947. 

® 3.0 kg during 1947. 
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1. 4K-2M substances 

2. 2,4-1) esters 

3. 2,4-D-sub8tances other than the esters. 

The differenees between the groups are, however, not such that 
one group of substaiuies always is to be considered the best one. 
Each one of the groups has its advantages and e.onseqnently tlie (*he- 
inicals within each group should be applied so that these are most 
advantageously used. The ester forms of 2,4-1) are very effective 
against the weeds but not always the most effective. The example 
with the Oalcopfiis spp. illuatrates this. Continued investigations 
with the different groiips seem necessary. Espeeially the difference 
between metallic salts and the aniine salts of 2,4-D should be stu¬ 
died. Even if a number of American investigations (Wood 1948, 
Kkphart and Evans 1948; Sylvkstek, Bakke and Htaniforth 
1949) Iiave found it necessary to distinguish between metallic and 
aTTiine salts on basis of their influence on the weeds such a division 
does not ap})ear ne(;essary on basis of our investigations. Ratiier 
they iudicate a iieed for continued basic investigations within this 
field. 

Besidos the effect on the w^eeds the effe(*t on the cultivated plants 
is of great imi)ortance for determination of tlie value of the Chemicals. 
Their effect on cultivated plants is most easily determined by the 
ev(‘ntual appearan(‘e of abriormalities and by t-he yields. Bpike ab- 
normalities are of special int erest. Wlien they wc*re firat discovered 
in barl(*y (Åberg and Denward 1947 a) they seemed to have been 
caused not only by tlie chemhuil but also by the time of applying 
this Chemical. The influence of both these factors w^as therefore 
stildied dnring 1947 and 1948 but only tiie effect of the Chemical 
will be tr(»ated in this part. The percentage of abnormal spikes was 
found to be great(»r after using 2,4-J) salts than after 4M-2K salts. 
The most serioiis (*ffect was obtaim‘d after the 2,4-1) esters. (Table 
2.) Variations were found within each one of the three groups but 
they api)eared very irr(*giilarly. 

In the (»xperiments during the three year period it was found that 
the aniount of hormoiu' derivatives per unit area influences the de- 
velopment of abnorrnalities. The grow th in general w^as also affected. 
It was stimulated by small quantities but retarded by medium sized 
or great quantities. Therefore it se<uns necessary with investigations 
to determine if the hormone derivatives can be used not only for 
weed killing but also for growth regulation and growth stiniulation. 

The effect of hormone derivatives on yields was followed during 
the whole period. In tables 3 to 5 there are examples showing the 
effect of different Chemicals. Ac<*,ordmg to table 3 the 4K-2M sub- 
staiices are milder for tln» cultivated plants than the 2,4-T) substancies. 
The 2,4-T) esters are more damaging than the other Chemicals and the 
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Table. 2. Numher of ahnormal heads in spring wheat and ahnormal 
plants in oil flax 1948, 


(^rop and Treatment 

1 

Artive 
substance 
per hectare 

Abiionnul 
heads or 
plants % 

Spring Wheat; 



No treatment. 

0 

0 

4K-2M sodium salt in Agroxone. 

1.0 1 

0.3 

4K-2M sodium salt in P 46. 

1.0 1 

1.1 

2,4-D sodium salt. 

1.1 kg 

0.9-16.5 

2,4-D ammonium salt. 

1.0 kg 

2.5 -19.0 

2,4-1) triethanol-amine salt. 

1.5 kg 

2.1 3.9 

2,4-D morpholinc salt. 

1.4 kg 

2.1- 2.2 

2,4-1) ethyl ester in Weedone. 

o.r> 1 

9.6-16.1 

2,4-D butyl estor in Strongs 2,4-D. 

0.25 1 

27.3 

Oil flax: 



No treatment. 

0 

0 

4K-2M sodium aalt in Agroxono. 

0.5 1 

4.1 

4K-2M soviium salt in P 46. 

0.5 1 

0.2 

2,4-D sodium salt. 

0.6 kg 

2.4 6.9 

2,4-D atnmonuirn salt. 

0.5 kg 

5.3- 8.9 

2,4 D triethanol amine salt. 

0.8 kg 

6.5- 9.3 

2,4-D morpholine salt. 

6.7 kg 

5.9- 9.1 

2,4-D ethyl ester iri Weedone. 

0.25 1 

6.7 - 15.0 

2.4-D butyl ester in Strongs 2,4-D. 

0.18 J 

1 2.6 


Table 3. Effcet in 1947 on thv yield in äeeiton per hcctare of mixed 
eereals by a numher of ehemieals. 


(^ifJTnrnLs 

A<'tiv'o 
Kub-.tance 
pi‘i ln*t'(are* 

1 Mivad 

j <'('n*nls 

j Kimgiaiigaii 

Mixod 

(*('r('als 

Hiuniui 

No treatment.' 

0 

; 46.0 

30.0 

4K-2M sodium salt m Agroxone.' 

1 1 

47.0 

33 1 

4K-2M sodium salt in P 46.i 

1 1 

i ' 1 

33.4 

2,4-D ammonium salt in \^'o^mo8an . . j 

1 kg 

43.8 

— 

2,4-T) triethanol-amine salt in Dif.| 

0.5 1 

1 41.1 1 

- 

2,4-1) triethanol-amine salt in Dif.i 

0.8 1 

1 - ! 

31.2 

2.4-D ethyl ester iii Weedone.i 

l 1 

1 38.9 1 

29.6 


differeDce b(»tweeii 4K-2M sodium salt and a 2,4-i) etliyl ester is 
illustrated in table 4. There is no doiibt that the results in this table 
and tlu* ones in table 3 iigr<*e. Table 5 gives the results with cereals 
but also with more s<*n8itive erops than (»ereals, for exainple peas, 
beans and flax. The milder effec*t> of 4K-2M than of 2,4-1) is very 
well exemplified with beans and flax. The reason for this basically 
different action of the chemicials is not known yet. 
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Table 4. Effect in 194H on the yield in deciton per heetare of 
cereals and peas by 4K-2M sodium salt and 2,4-D‘ethyl ester. 


Chemical» 

Aeti\e 
substance 
j)or heetare 

Oats 

Barley 

Oats + 
barley 

Pcas 

No treatment. 


26.7 

32.7 

34.9 

37.3 

4K-2M sodium salt in Agroxono 

0.5 1 

- 

i " 

~ 

34.8 

4K-2M sodium salt in Agroxone 
No treatment. 

1.0 l 

2H.0 

23.6 

34.8 

1 32.3 

36.7 

34.9 

34.4 

2,4-D ethyl ester in Weedone. 

0.2 1 

— 

1 _ 


31.4 

2,4-D ethyl oster in Weedone. . .. 

0.5 1 

22.6 

1 31.8 

33.4 



Ttible 5. Yieläs in deciton per heetare from a series of crops treated 
with two hormone derivati ves dvring 1947, 


( Vops 

No treatment 

4K-2M sodinin 
salt 1 Jitei i>cr 

1 hf'otare 

2,4-D »udniin 
salt 1 per 

lieetare 

1 

Spring W^hoat. 

34.0 

32.8 

35.5 

narloy .. . 

44.1 

43.6 

46.0 

Oats. 

34.6 

32.8 

33.7 

P('a8 . 

19.2 

12.7 

15.0 

Boans . 

11.4 

9.8 

5.1 

Oil flax. 

4.8 

4.0 

1 2.7 


A t present the (»ffeet of prevailing types of hornioiie derivat i ves on 
il nurnber of different crops is beiiijLC studied by varyin^!: the inethods 
of th(*re iise. Tlius the same type should be used, for exjanple, in 
eert‘als and in le^^uines. This does not appear to be the ideal approach 
to tlie problem and very likely it is a temi)orary development. In- 
stead futur<» development s can be expeeted to pve substa-nees whieh 
ar(^ especially i)r(‘pared for c‘<ertain crops, as flax, potatoes and le- 
^iurnes. For (*.acli one of th(‘se crops oiie Chemical will be especially 
j^ood but ii will be of little or no value for ollier crops. 


Time of trealment. 

The influence of time of treatment on the weeds is illiistrated in 
tabl(» 6 where three weed spe(*i('s an^ used to illustrate tln* rcaetion 
of different ji^roups of wa‘eds. They were spray(‘d 

(1) betw^een einer^ence and two wa^eks after enier^ence 
(li) tw'o to four weeks after emerj?ence and 
(3) four to five weeks after emerf(en(‘e. 
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Table 6. Influenoe of time of spraying the Chemicals in 1947, 



Number of weeds per 10 after 

Weeds and spraying times 

0.6 kg/ha 2,4-D 
Hodium salt 

l.l kg/ha 2,4-D 
sodium salt 

Sinayia arvenais 



(1). 

1-15 

()~ 8 

(2). 

0- 7 

0-3 

(3). 

0- 1 

0 

Chenopodfiuni. alhutn 



(1). 

12-43 

3-33 

(2). 

0 7 

0 7 

(3) . 

10- 70 

10- 70 

Öalium apurine 



(1). 

25 33 

15-40 

(2). 

27-35 

12 27 

1 (3). 

33-50 

17 35 


The figures in the table show that the differences betweeii times 
of spraying are inore evident if low amounts ar(‘ given j)er heetare 
than if high amounts are used. Also the differences are more evident 
for weeds that are only inoderately sensitive as Chenopoäiiim album, 
than for weeds that are so sensitive as kSinapis arvemis, Galinm apa- 
rine appears about equally resistant in all stagc^s of development. 
The examples in table 6 show that the sensilivity of a weed species 
varies with stage of development. It is ne(*(‘8sary to determine 
exactly these periods of sensitivity in different weed sp<‘(5ies. TIow- 
ever, it is very likely that it is not only the genotype of the species 
that determines these periods of sensitivity. KatluT it is the e-om- 
bined effect of genotypical and environmental factors that app(*ars 
to be de<*isive. This discussion has dealt with spraying after the 
emergence of the crox). If the Chemicals are given befori* the einer- 
gence of the c-rop their effect is highly dei)en(ient oii their ability to 
remain on the soil surface and affect the weed seedlings as they break 
through. 

The reaction of the cultivated planis is even more dependent on 
the time of spraying than is the reaction of the weeds. The sensiti¬ 
vity periods of (»oreals and flax ha ve b€*en carefiilly studied since ab¬ 
normal sjukes in barleys were discovered in 1946. Durin g 1947 it 
was found that iu cereals spraying during the first week after emer¬ 
gence gave a very small number of abnormal sj)ikes while spraying 
between two and thrce weeks after emergence gave a greater num¬ 
ber. If the spraying was delayed until three to five weeks after the 
emergence very few, if any, abnormal spikes appeared. The experi¬ 
ments in 1948 have verified the results from 1947. They have, how- 
ever, also shown tliat the best time of spraying is later than three 












Effect of Horinone Derivatives on Weeds and Cultivated Plants 701 


weeks after emergence, provided the spraying is done before the 
straw develops since such spraying does not cause the development 
of abnormal spikes. During the whole period up to and including 
the third week after emergence abnormal spikes may develop but 
the chances of getting thern are greater during the second and third 
week after emergence than during the first. Pedersen, Andersen 
and Hermansen (1948) have also found that the smallest perceiitage 
of abnormal spikes are obtained when the spraying is done later than 
threc weeks after emergence. This observation agrees well also with 
Derscheids observations in the United States (1948). 

It seems that the amount of hormone derivative that is available 
in the plant at the tirnc when the heads are formed, decides whether 
abnornialities are going to develop or not. If the spraying is done 
immediately after the emergence of the plant, the leaf surfaee of the 
cultivated plants is so small that only a limited amount of the sub- 
stance can be taken up. About two weeks later the Iraf surfaee has 
inereased so that more of the aubstanee can be absorbeni. Oonse- 
quently larg(ir percentages of abnornialities are to be expeeted at 
that time. Still later spraying will no doubt mean that even greater 
percentages of the hormone derivatives are taken up but at that 
time the sensitive period is over. If it is the amount» of hormone 
derivative absorbed that determines the appcaraiice of abnornialities 
then a rather high percentage of abnormal heads can also be expeeted 
if th(* subsl,an(*-e is added to the soil so that it can be taken up by the 
roots during the period of two months or more that the substance is 
available iii th(*. soil. This has also proven to be the ense (ÅJ3EKG, 
llAGSAJSD and Vaärtwöu 1948). 

In the flax experiments (Hagsand and Vaärtnöit 1949 a) it was 
shown that early spraying is preferable in order to avoid abnorrnal 
plants. The spraying should then be done when the plants are not 
more than 5 cm high. This agrees well with Paatela^s rc^sults from 
Finland (1949) and also with the recommendations by Dunham and 
Tandon from Minnesota (1948). 

The qiiestion of selectivity is a rather compli(;ated one. Both for 
the weeds and for the cultivated plants one must consider the geno- 
typi(*nl faetors as well as the environmental ones. Our exjierience so 
far can only be used for ineliminary staternents and the question of 
sel(*ctivity must be studied in many investigations in the future be¬ 
fore it can be reason ably well sol ved. 


Methods of treatment. 

In our experiments the Chemicals were spray ed or dusted. There 
is no doubt that spraying has given better results than dusting. Dif- 
ferent amounts of solution per hectare have been tried and it has 
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been shown that several amounts between 60 and 1 000 liter per hec- 
tare have given good resnlts. The main thing seems to be the amount 
of active snbstance per hectare while the amonnt of sohition is nn- 
important. Only in one case, when hormone derivatives were used 
in peas, and sprayed with a high pressure sprayer (Hylmö 1949), 
was there an indication that the amount of active substance should 
be lowered if the amount of solution is lowered. This single example 
emphasizés, however, the necessity of investigating further the 
teoimique for spraying the Solutions. 

Experiments with pre-emergence treatment according to the me- 
thod of Andersen and Wolf (1947) have not showed that this 
method is preferable to spraying after emergence under Hwedish 
conditions. Neither has it been possible to show that mixing the sub- 
stanee into the soil together with artifieial fertilizers has any advan- 
tage over spraying it in the growing crop. 


Inactivation and activation of Chemicals. 

The problems of inactivating or activating the Chemicals have 
not been intensively studied in our experiments. In a couple of 
preliminary experiments the inactivating effeed of calciimi nitrate 
011 hormone derivatives was followed. The experiments sliow ed that 
calcium nitrate has no inactivating effeet on the hormone deriva¬ 
tives belonging to the 2,4-1) or 4K-2M groups. During 1948 an in¬ 
activating effe<d- of mineral soils rich in humus as well as of organic 
soils was found to exist. The results ar(‘ preliminary but> agree very 
well with results published by Hfornandez (1948) an<l Brown and 
Mitciiell (1948). Other problems in regard to inactivating and ae- 
tivating of hormone derivatives, wiiich have been discuss(‘d by se¬ 
veral investigators during the last two years (Åberg 1949) liave not 
yet been studied by us. kSucIi problems are concerned with buffering 
to certain pH-values, mixing with phenols and oth(‘r types of hor¬ 
mone derivatives and with non-selective weed killers. 


Dillerences in resistance between biotypes. 

So far no experiments have been carried out at tln* institute with 
differences in resistan(*e between biotypes within a weed species. 
Sucli differences exist and should be studied. A f(‘W observations in 
Oats coneerning the reaetion of different varieties were made on a 
(jouph^ of farms in 1947. Exp<»riments for studying these problems 
were started in 1948. Very interesting results were obtained in spring 
wheats (Hagsanb and VÄÄRTNÖtr 1949 a). When a number of va¬ 
rieties are grown under similar environmental conditions it ap- 
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peared that the percentage of abnormal heads inight vary according 
to the variety. An analysis of the results showed, however, that the 
differences in i)ercentage of abnormal heads were closely correlated 
with differences in earliness of the varieties. Thereforc it is necessary 
to investigate further the extent to whieh the differences are genetic 
and to which they are environmental i. e, dependent on the stage of 
development at the time of spraying. The un(*ertainty in the experi¬ 
ments at the institute within this particnlar field is in no way pecu- 
liar. It is typical also of material published from other institutions 
as for example by Dunham and Tandon (1948), and Dunham and 
Kobinson (1948) for flax, by Bersciieii) (1947 a, 1947 b) for barley 
and Oats, by (Iodbout (1948) for oats and by Heloeson (1947) for 
si)ring wheat. This kind of experiments has been studied during too 
short a time and thereforc contiiiued studies of this particular pro¬ 
blem are highly desirable. 


Quality of the products from treated plants 
as well as the Chemical composition and metabolism of 

treated plants. 

In 1947 it was found in some of the experiments that the juotein 
content of wheat as well as the oil content of flax were influenced by 
spraying with hormone derivatives (Åberg, IIagsaini) and Väårt- 
Nöu 1948). Iri wheat the changes in protein content were obtained 
after spraying with 2,4-1) sodiuin salt at various dates between the 
end of May and the end of June. There wa,s an iruTease in protein 
content the hit-er the spraying oceurred. This c.ould be interpret ed to 
mean that a late spraying has a favourable effect on the i)rotein 
content as compared to an early one. In flax 2,4-1) ethyl ester had 
been used with the result that the protein content was increased a 
little more than 2 % while the oil content was lowered 4 to 5 %. The 
results are preliminary and would not have been brought up here if 
similar results had not been reported by other investigators. Paatela 
(1949) could show that in flax which was spray ed in a late stage of 
development the quality of tlie oil was influenced by the spraying. 
IlEGGENEvSS (1948) rcportcd on the influence by hormone derivatives 
on a number of quality fa(*tors in flax, Ehiokson, Seeley and 
Klages (1948) discussed the influence of 2,4-1) on the protein con¬ 
tent of spring wheat., Hullingbr (1948) found effect of 2,4-1) on the 
sugar, nitrogen and amino acid contents of corn and 11 amilton, 
Mitchell and Zahnley (1948) found (dianges in the sugar (iontent. 
of potatocs if 2,4-1) esters were used but not if 2,4-1) sodium salt was 
applicd. 

Not only quality factors secrn to be influenced. The resistance to 
diseases also raay be changed. The writer found in 1947 in a couple 
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of fields of Oats in Middle Sweden that stem rust attacks were more 
severe on sprayed fields than on non-sprayed and in 1948 Sackston 
reported similar observations from Manitoba concerning rusts on 
Redwing seed flax. This variety was more severely attacked by 
rust on sprayed plots than on non-sprayed. In 1948 Fox reported 
from Oanada that spraying with 2,4-D might increase the attacks 
by wire worms on wheat. This could be explained by delayed germi- 
nation and development of the wheat plants on the sprayed plots, 
But, unfortunately, too little is known about the effect of the hor- 
mone derivatives on the metabolism of the plants to know whether 
there might be other reasons for the different reactions of the plants 
beside delay in germination. It is most likely that there are other 
reasons. The suggestion by Worth and McfUBE (1948) that the 
respiration process is influenced by hormone derivatives is worth 
observing. Also the investigations in which the distribution of the 
hormone derivatives in the plants is followed with help of isotopes are 
worth considering. 


Infiuence on seeds from treated plants and on the 
generation following the treated one. 

It is evident that the kernel weight (= thousand kernel weight) 
de(‘reases if hormone derivatives are spray ed with excessive amounts 
or if the spray ing is done at a wrong stage of development (Åberg, 
Hagsand and Väärtnöit 1948). The germination of the seeds is 
influenced only slightly whilc the shooting ability is more clearly 
affocted. Seedliugs originating from cotton seeds which were har- 
vested on treated plants were studied by Dunlap (1948). Ue found 
typical hormone effects in such seedlings. The question is, how- 
ever, if these hormone effects were caused by 2,4-D that was brought 
into the tissues of the seeds during the ripening procedure, and re- 
mained there to become active during the germination procedure, or 
whether the hormone effects were caused by structural changes in 
the seeds during the ripening of the hormone treated plant. 

As hormone derivatives seem to be able to cause abnormalities in 
the generation that follows the treated one it might also be expected 
that they would be able to cause genetic changes. In a preliininary 
experiment by Åberg and Denwarb (1947 a) two generations from 
a treated barley material were followed. Although there were ab¬ 
normal spikes in the treated generation no abnormal spikes could be 
observed in the two following generations. Similar results were re¬ 
ported by Dunham and Robinson (1948) with flax. Therefore it 
seems unlikely that genetic changes occur after spraying against 
weeds. At least they could not be expected to be frequent if they do 
exist. However, Doxey and Rhodes (1949) have recently showed 
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that it is possible to obtain cytological and cytogenetical cbanges 
in onions by nsing methoxone tbat is taken up tlirough the roots. 
But it shoiild then be remembered that this is a very effective way 
of getting the substances into the plant. Doxey and Rhodes results 
are therefore mainly of theoretical interest but they point to the need 
of continued c.ytologic^al and cytogenetical studies with the effects of 
hormone derivatives if these are applied with help of sprayers after 
the emergence of the (Top. 

New fielcls within plant husbandry where hormone 
derivatives might be used. 

Whcn the hormone derivatives were distributed after the last 
World war ihey were considered as produets which would completely 
change our weed control methods. They have proven very valuable 
in weed control. But during the investigatioiis with these produets in 
weed control work it was found that they are useful not only as weed 
killers but also for other purposes. Good examples of this are found 
in the publhmtions by Avery and Johnson (1947), Mitciiell and 
Mahth (1947) and Crocker (1948). Zimmekman (1947) has expressed 
himself about this development in the following way: »In the begin- 
ning most of the responses induced by plant hormones were looked 
upon as laboratory curiosities. It was not long, however, until most 
of these curiosities led the way to practical api)lication8.» 

The use of hormones as growth regulators in agriculture and horti- 
iulture for inereasing the storage qualities of plant produets and for 
basic scientific work with agricultural application as in geiietics, 
plant breeding and crop produetion appears to be within the scopc of 
future developments. The close relation between the artificial hor- 
moue derivatives, the growth substances and the exsudates of grow- 
ing plants needs to be further investigated. Tlie papers on effect of 
plant exsudates by O.svald (1947 b), Gray and Bonner (1948 a, 
1948 b) and McCalla and Duley (1948) indicate such a develop¬ 
ment, even if it must be adinitted that within this partieular field 
there are many unsolved problems which need special attention. 
Therefore further investigation in this field is highly desirable and 
it seerns that in future experiments the studies of natural growth 
regulators, of plant exsudates and of artificial hormones should 
be closely correlated. 

Summary and future tasks. 

The survey of the results from the research work with hormone 
derivatives during the period 1946—1948 has shown tlie very rapid 
development within this field during the period mentioned. A num- 
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ber of problems have been brought np, and only a few of them have 

been solved. Therefore it seems justified to combine the summary of 

the results with a consideration of some of the future tasks. 

1. The effect of methoxone or 4K-2M and chloroxone or 2,4-D was 
to begin with considered about the same although there is a 
difference in Chemical composition. This opinion has now been 
modified. The sodium salt of methoxone is nsually milder in its 
effect than the salts of 2,4-1), and these are milder than the esters 
of 2,4-D. However, the sodium salt of methoxone has occasion- 
ally been rnore effective than the ester forms of 2,4-D. This must 
be interpreted as an expression of the selectivity of the individual 
plant species. Because of such a selectivity even more specialized 
hormone derivatives than the present ones rnay be developed. 
The effect and the characteristics of the hormones produced in 
the plants themselves must be studied simultaneously with the 
artificial hormone derivati ves. Therefore one of the most im- 
portant problems in the future will be concerned with the relat ion- 
ships between the natural hormones and the artificial hormone 
derivat i ves. 

2. The tirne for spraying with the Chemical substances was originally 
chosen in relation to stage of development of the weeds. After 
three yéars of studies it may still be said that the stage of 
development of the weeds is the most decisive factor deter- 
mining the time of spraying. It has been possible to dc^termine 
for some of the weeds in what stages they are sensitive to the hor- 
mone derivatives, but for most of the weeds this has not yet been 
done. The cultivated plants are also more sensitive during (‘crtain 
stages of development than during others. These stages have not 
been definitely determined for any cultivated plant. For the 
cereals, however, it appcars that the sensitive stage of develop- 
raent, i, e, when the hormone derivatives easily cause abnorma- 
lities, occurs during the first three weeks after emergenee. The 
most sensitive stage during this period occur betw(»en two and 
three weeks after emergenee. Jn flax the most sen8itiv('< stage is 
reached two weeks after emergenee. It seems important to de- 
termine in the future the stages of sensitivity for weeds as well as 
for cultivated plants and to base such determinations on experi¬ 
ments under different environmental conditions. 

3. Until now spraying with hormone derivatives on cultivated plants 
after emergenee of the plants has proved sui>erior to any other 
method. jievertheless it is necessary to study the ability of the 
plants to absorb hormone derivatives during different stages of 
development so that the value of mixing the hormone derivatives 
into the soil before the seeding or using them for spraying bet¬ 
ween seeding and emergenee can be satisfactorily tested in rela¬ 
tion to the value of spraying after emergenee. 8ince the modern 
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high pressure sprayers came into use the amount of solution per 
hectare can be varied within rather wide limits. To what ext ent 
the amount of aotive substance requircd per hectare is influenced 
by these variations must be further investigated. The principles 
of spraying and the uptake of the Chemicals by the plants must be 
studied with a view to improving the construction of sprayers. 

4, Certain particles or substances in the humus of organic soils are 
able to inactivate the hormone derivatives to a certain extent. 
Activated carbon seems to have the same capacity. If Solutions 
of the hormone derivatives are buffered to certain pH-values, if 
they are mixed with phenols or with other t ypes of hormone de¬ 
rivatives or with non-selective wee^ killers, the effect of the sub¬ 
stances is increased. Within this particular field there are great 
I)os8ibilities for the research work in the future. 

5. Difforent biotypes of the same species react differently against 
hormone derivatives. 8o far it has not been possible to de- 
tenniiie if siich differences are genetical or if they depend on 
variations in the rate of development durin g the early stages 
of the plants. Tn future experiments iipon this problem time 
of spraying must be adjusted so that different biotypes are all 
treaied a t the same stage of development, not simultaneously 
after the same number of days following the emergene.e. 

b. There are iTidi(‘>ations that the hormone derivatives influeiiee the 
(‘hernical composition of the crop products. After spraying of 
cereals with hormone derivatives the protein content of the ker- 
iials might be changed and after treatment of flax the oil content 
and the protein content in the seeds might also be changed. The 
hormone derivatives will also influence the mineral content of 
the plants. Future investigations will have to deal with the effect 
of hormone derivatives on the metabolisin of the plants, for ex- 
arnple on the respiration process. They should also deal with the 
decomposition of the hormone substances within the plant and 
with their influence on the quality of the final products. The 
hormone substances taken up by the plants may not iiecessarily 
be directly responsible for the changes within the plant. These 
might be caused entirely or partly by secondarily developed sub¬ 
stances which may vary in amount and composition for eacli one 
of the plant species. 

7. Germination, shooting ability and thousand kernel wcight of 
seeds are known to be affected in plants which have been treated 
with hormone derivatives. Seedlings from such seeds have been 
found to show typical hormone abnormalities. 8o far it is not 
known to what extent geneticjal changes might be c-aused by 
treatments with hormone derivatives. Future investigations 
will have to be concerned with the influence of the substances 
on the germination and size of the seeds and on development of 
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the seedlings. Thcy will also ha ve to deal with the effect of the 
substances on the eytology and cytogenetics of the plants and 
with the frequeney of mutations. 

8. The use of hormone derivatives against weeds has brought with it 
the need for studies concerning the use of these and similar sub- 
stances for other purposes. Very good results have been obtained 
by using hormones and hormone derivatives as growth regulators 
and as growth stimulators. Thus they have been used for pre- 
venting fruit drop, for controlling flowering time and fruit set, 
for increasing root development in cuttings and for improving 
the keeping quality of crop products during storage. In the in- 
vestigations concerning growth regulators and root exsudates the 
value of the artificial hormone derivatives in relation to natural 
hormone products must be deterrnined. Thereby the basic pro¬ 
blems concerning the interrelationship between the species in 
natural plant associations will be brought up as well as the pos- 
sibility of influencing this interrelationship by artificial means. 
This may lead to studies of a selectivity that is different from 
the one now being followed in weeds and cultivated plants. 


Literature. 

ÅBKRC5, Ewkrt, Hormonderivat i kampen mot ogräs. Vill. Översikt av 
resultaten från åren 1946 till 1948. — V^äxtodling, 4. J949. 

Abeiu4, Ewert, och Denward, Thore, Abnorrnal Sj>ikes in Barloj^ Causod 
by Hormone Derivatives. — The Annals of the Royal Agr. College 
of Sweden, 14. 1947 (a). 

— Hoi’monderivat i kampen mot ogräs. II. Litteraturöv^ersikt. 
Växtodling, 2. 1947 (b). 

Abero, Ewert, Hagsat^d, Erik, och Väårtnöu. Herman, Hormonderivat 
i kampen mot ogräs. V. Fältförsök 1946-1947. — Ibid., 3. 1948. 

Andersson, J. C., and Wolf, O. E., l^re-emergence Control of Weeds in 
Com with 2,4nD. — Joum. Amor. Soc. of Agron., 39. 1947. 

Avery, Jr., (1eor(;e, S., and Johnson, Elizabeth B., Hormones and 
Horticulture. - New York and Lomlon 1947. 

Brown, James W., and Mitchell, ,)ohn W\, Tnactivation of 2,4-D-Dichloro- 
phenoxyaoetic Acid in Soil as Affected by Soil Moistnre, Temperatiire, 
the Addition of Manure, and Autoclaving. - Bot. Gaz., 109. 1948. 

Crocker, William, Growth of Plants. - - New York 1948. 

Denward, Thore, Erfarenlieter från försök med hormonderivat mot ogras 
längs vägar sommaren 1948. — Växtodling, 4. 1949. 

Denward, Thore, och Aberg, Ewert, Hormonderivat i kampen mot 
ogräs. III. Förberedande imdersökniiigar, besprutnings- och be- 
pudringsförsök. — Ibid., 2. 1947 (a). 



Effect of Honnone Derivative» on Weeds and Cultivated Plants 709 


Denward, Thore, och Åberg, Ewert, Hormonderivat i kampen mot 
ogräs. IV. Nedbrukningsförsok. — Ibid., 2. 1947 (b). 

Debscheid, Lylb, Some of the Effects of 2,4-D oii Nine Oats V^anetios. " 
Proc. Fom*th Ann. Moeting of the North Central Weed Control Con- 
ference and Report of Res. Committee. Topeka, Kansas. 1947 (a). 

.Some of the Effects of 2,4-D on Eight Barley Varietios. — Ibid., 

1947 (b). 

-, Effects of 2,4-D as a Selective Herbicide on (»rowing Crops. Project 
III. — Fifth Ann. North Central Weed Control Conference. Res. 
Report. Springfield, III. 1948. 

Doxey, D., and Rhodes, A., The Elfect of the Plant Growth-Regulator 
4-chloro-2-methylphenoxy-acetic Acid on Mitosis in the Onion (Allimn 
cepa). — Ann. of Botany, New Series, 13. 1949. 

Dunham, R. S., and Robinson, R. G., Response of Flax Varieties to 2,4-D. 
Project III: 40. -- Fifth Ann. North Central Weed Control Conference. 
Res. Report, Springfield, Ill. 1948. 

Dunham, R. S., and Tandon, R. K., Using 2,4-D on Flax. — Minnesota 
Farm and Home Sci., 5. 1948. 

Dunlap, a. A., 2,4-D Injury to Cotton from Airplano Dusting of Ricc. — 
Phytopathology, 38. 1948. 

Eriukson, Lambert c., Seely, C. I., and Rlages, K. H., Tlie Effect of 
2,4-D Up{)n the Protein Contont in Wlieats. Journ. of the Amer. 
Soc. of Agron., 1948. 

Fox, W. B., 2,4-D as a Factor in Tncreasing Wirew(U‘m Dainago of Wheat. 
— Sci. Agric., 28. 1948. 

Godbout, Eugenk, The Effoct of 2,4-D on Oats Varieties when applied at 
.5 ratoH to 3-leaf stage at Ste-Anno De La Pocatiere. Project III: 15. 

Fifth Ann. North Central Weed (\:)ntrol Conference, Ros. Report, 
Springfield, Ill. 1948. 

Gkanhall, I., och ZiENKiEVVicz, H., Inverkan av olika ograsbekampnings- 
inedel på skördeutbyte och kvalitet hos spanadslin. - - Växtodling, 3. 
1948. 

Ghay, R., and Bonneti, J., An Inhibitor of Plant Growth from the Leaves 
of E7icelia farinosa. — Amer. Journ. f)f Botany, 35. 1948 (a). 

-, Strueture Dotormination and Syntliesis of a Plant (Jlrowth Inhibitor, 

3-Acetyl-6-methoxybon7.aldehydo, Found in the Leaves of Encdia 
farinosa, — Journ. of the Amer. Chem. Soc., 70. 1948 (b). 

Hag.sani), Erik, och Vaartnott, Herman, Hormonderivat i kampen rnot 
ogras. VI. Verkan på kulturväxter i forsöken 1948. — Växtodling, 
.4. 1949 (a). 

, Horrnonderiv'at i kampen mot ogräs, VII. Verkan på ogras i försöken 
1948. — Ibid., 4. 1949 (b). 

Hamilton, Roger D., Mttchell, H. L., and Zahnuey, .). W., Effects of 
2,4-D when Applied as a Pre-Emergent Treatment on the Sugar 
Content of Potatoes. Project VIII: 2. — Fifth Ann. North Central 
Weed C'Ontrol Conference. Res. Report Springfield, Ill. 1948. 



710 


Ewert Åberg 


Hegokness, H. g., The Effect of 2,4-D on the Chemical Composition of 
Green Plants. Project VIII; 16. — Ibid. 1948. 

Helgebon, E. a., The Effect of 2,4-D on Wheat. — Proc. Fourth Ann, 
Meeting of the North Central Weed Control Conference and Report 
of Res. Committee. Topeka, Kansas. 1947. 

Hebnandez, t. P., Factors Affecting the Rate of Inactivation of 2,4-D 
in Peat Soil. Project VIII; 3. — Fifth Ann. North Central Weed 
Control Conference. Ros. Roport, Hpringfield, 111. 1948. 

Hullingbr, Clifford, H., Some Effects of 2,4-D-Dichlorophenoxyacetic 
Acid on the Ni trogen and Carbohydrate Metabolism of the Corn 
Plant {Zea mays L.). Project VIII; 5. — Ibid. 1948. 

Hylmö, Bertil, Ogräsbekämpning med högtrycksspruta i konservarter. - - 
Växtodling, 4. 1949. 

Kephart, L. W., and Evans, L. S., Control of Woeds in Com with Chemicals. 
— U. 8. Dept. of Agriculture, Plant Ind. Sta., Beltsville, Maryland, 
April 1948. (Mimeogr.) 

McCalla, t. M., and Duley, F. L., Stubble Mulch Studies: Effect of Swoot- 
clover Extract on Corn Germination. — Science, 108. 1948. 

Mitchell, John W., and Marth, Paul C., Growth Regulators for Garden, 
Field, and Orchard. — Chicago, Ill. 1947. 

Osvald, Hugo, Hormonderivat i kampen mot ogräs. I. Allmän översikt. — 
Växtodling, 2. 1947 (a). 

— Växternas vapen i kampen ora utrymmet. — Ibid., 2. 1947 (b). 

Paatbla, Juhani, Artificial Hormones and Weed (U)ntrol in Oil Flax C’ul- 
tivations. — Agr. Exp. Activities of the State, Publ. N;o 131. Hel¬ 
sinki 1949. 

Pedbrsen, Axel, Andersen, S., och Hermansbn, J., Hormondorivaternes 
Virkning paa Kulturplantemo. I. Spröjtning af Byg og Havre med 
2,4-D og 4K-2M. — Den Kgl. Veterinaer- og Landbohöjskoles Aars- 
skrift 1948. 

Sackston, W. E., Effect of 2,4-D on Severity of Flnx Kust. Project 111: 46. 
— Fifth Ann. North Central Weed Control (V)nference. Res. Report, 
Springfield, Ill. 1948. 

Sylvester, E. P., Bakke, A. L., and Staniforth, D. W., Recommendations 
for Chemical Weed ('Ontrol. — Pamphlet 140, Agr. Ext. Serv., lowa 
State College, Ames, Towa. 1949. 

WooD, H. E., Canada Reports on Weed Control. - — Down to Earth, 3. 1948. 

WoRTH Jr, WiNFiBLD A., and McCabe, Anne M., Differential Effect of 
2,4-D on Aerobic, Anaerobic, and Facultative Anaerobic Microorga- 
nisms. — Science, 108. 1948. 

ZiMMERMAN, P. W., Plaiit Hormonos. — Torreya, 74, 1947. 


MS, reoeived April 28th, 1949. 
Priiited ,/uly 26th, 1949. 



THE ANNALS OF THE ROY AL AGRICULTURAL COLLEGE OF SWEDEN 

Vol. 16. 


Factors Influencing the Calcium and Phosphorus 
Metabolism of Adult Sheep. 

By JOEL AXELSSON and STURE ERIKSSON. 

From the Institate oj Åninutl Nutrition. 


Introduction. 

Accordiiig to revie^^s of literature conoerninp: the calcimn and 
phosphorus metabolism of domestic animals (Schmidt and Gbeen- 
BEBO 1935, Mitchell and McClure 1937, and Nilsson 1944), the 
amount of one of these elements in the rations interferes with the 
absorption of the other one in sueh a manner that a certain ratio 
between thern is followed by the greatest absorption. Ifowever, 
as has been pointed out by Mitc^hell and Mc^C^lure, the ratio has 
generally been determined without provision for vitamin I). When 
t his vitamin is supplied, tlie e.alcification of the bones as well as the 
growth and well-being of the animals have been indexiendent of the 
<‘al('ium to jdiospliorus ratio, at least. within a wide range. Further, 
in rumiiiants no inflnence of this ratio on the metabolism of the two 
ehuneiits has apptiared when the rations have contained a normal 
amonnt of field eured hay. Westerlttnj) (1937), howawer, on the 
basis of a nunierical analysis of tlie data of the Ohio exi)eriments 
of the mineral metabolism of milking eows, drewr the conehision 
that the absorption of ealeiiim was irni)roved by an increased phos¬ 
phorus (Jon8umi)tion hiii not by an inereascHl calcium consumption. 
Axelsson (1943), on the other hand, in a review of literature, in- 
cluding the Ohio results, pointed out that, as to ruminants, the 
(ialcium to phosphorus ratio must be greater tlian 1.0 as the ration 
otherwise usually i)resents an excess of acid substances, on w^hich 
the animals do not thrive. If the supply of idiosphoriis is siiffieient, 
the calcium to phosphorus ratio may without disadvantages rise to 
at least about 3.0. Besides, it is a well-known fact that horses and 
ruminants thrive very well in districts where the soil is ri(jh in lime 
and the calcium to phosphorus ratio in the fecid is high. 

The effect of crude fiber ujion the metabolism of calcium and phos¬ 
phorus in rats and dogs has been treated in a number of experi- 
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ments (Ascham 1931, Adolph et al. 1938, and Westerlund 1938 
a and b). Though the results are in some respects contradictory, 
it seems to be established that, at a relatively high content of crude 
fiber in the rations, the absorption of calcium and phosphorus falls 
off. 

To contribute to the knowledge of these problems, calcium and 
phosphorus metabolism was studied in two adult wethers of the 
Swedish Land Breed at the Institute of Animal Nutrition in the 
years 1942—47. The influence on the metabolism of the following 
characters of the rations were treated: the amouiits of calcium and 
phosphorus, the calcium to phosphorus ratio, the amount of dry 
matter, and the content of crude fiber in the dry matter. 


Methods and Rations. 

The studies on calcium and phosphorus im^tabolism were carried 
out in connection wdth digestion experiments on the two wa^thers, 
the weights of which, in the course of the experiments, varied be- 
tween 38 and 67 kg. The mimber of trials amounted to 77. The 
rations included various kinds of hay, fed alone or together with 
crushed oats and barley. In some experiments, (*-alcium supplements 
were added. As the cereals contain a relatively great amount of 
pliytin, the availability of t-he phosphorus of this compound, with 
various results, has been treated in a number of investigations. 
llowever, as will be seen in the rcview by MAYNAitn and Hmitii 1947, 
adequate intakes of vitamin D improve the utilization, making it 
practieally equal to that of inorganic. phosphorus. Thus, as in all 
rations, field cured hay was included, th(‘ variation of the content 
of ])hytin phosphorus was of minor importance. 

Eaeh exp€*riment embraced a preliminary period of 10 days and a 
collection period of 12 days. In the analysis of feeds and faeces 
standard procedures were follow^ed. The averages, and the standard 
deviations of the variates treated are recorded in Table 1. 

This table shows that the daily amount of absorbed and excreted 
calcium wus on an average very low% The cahdum balance of the 
body was slight and m^gative. Of phosphorus a much greater amount 
wus absorbed and retained than of (uilcium. The calcium to ph(»s- 
phorus ratio of the rations show^ed a great variation (from 1.3 to 
5.8). This was the case, too, with the amount of dry matter in th(‘ 
rations (from 346 to 1 093 g) and the crude fiber content of the dry 
inatter in the rations (from 10.8 to 30,1%). 

The statistical treatment of the data has been based on the ge¬ 
neral prineiples laid down by Snebecor (1946). 



Calciuin and Phosphorus Metabolism of Adult Sheep 713 


Table 1. Averages and Standard Deviations of the Variatea, 


In the daily ration: 

Food calciiuin, p. 

Absorbed caieiurn, g. 

Urinary caleium, g. 

Calciuin balanco of the body, g. 

Food phosphorus, g. 

Absorbed phosphorus, g. 

Urinary phosphorus, g. 

Phosphorus balanco of t ho body, g- ... 

(^a/1* raiio. 

1 Dry inatter, g. 

1 (’rudo fiber content of the dry matter. 


I 

1 Averago 


Stanciard 

deviation 


.5.78 

1.59 

0.02 

0.01 

0.00 

0.00 

-0.04 

0.01 

2.30 

0.99 

0.80' 

0.45 

0.22 

1 0.19 

0.04 

1 0.4.3 

2.98 

' 1.53 

743 

1 200 

20.5 

i 5.01 


The Calcium AbsorptJon. 

Tho connections bctwcon the amoimt of (‘alciuin, phosphorus, 
and dry mattor in tho ratioiis, tho oaloium lo jdiospliorus ratio, tho 
onidt». fibor c(»iitonl of tho dry mattor, and tho absorbed amount of 
oal<*iiim aro oharaoterizod by tho eooffioients of correlatioii j?iven in 
Tablo 2. 


Tablo 2. CoefficlenU of Conrlalion hetween ilic CliaractcvH of the 
Jiatio 7 is concerning Calcinm Abiforpiion, 


i 

Orude fibei 
j ( ontont 

1 

j Amount of 

i drv iimtter 

1 

! ' ' i 

Food V i 

Val 1* ratio 

i 1 

Afisorhed | 
('« 

Food <’a. 

( 'ru(h^ fiber content. . . 
Amount of dry matter 

Food P. 

Ca^^P ratio. 

1 

1 0.254 

! 0.228 

1 0.021 

1 

1 

1 

0.110 

0.088 

(».821 

0.578 
0.713 
-0.538 ! 
-0.820 

0.490 ' 

1 o.uoi ! 

0.219 1 
0.115 1 
0.177 i 


Correlation coeffieient nt J* of: 0.05 0.01 

75 degrees of freedoin 0.225 0.293 

Aecordiiig to ihis table, only tho amount of ealoiuiii in tho rations 
significantly influonood the caleium absorption. Ilowovor, between 
the variates there wore in some cases relatively strong oorrelations. 
Therefore, in Table 3, partial correlation cocfficionts aro given for 
each of the 5 variates, the othors being eliniinated one after aiiother. 
The Arabic figures refor to the following variates. 
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1 ~ Absorbed Ca 

2 =- Food Ca 

3 = Crude fiber content 

4 — Amount of dry matter 

5 == Food P 

ö = Ca/P ratio 


Tablo 3. Partial Coefficients of the Correlation between Absorbed 
Calcium and Other Variates. 


Food 

Ca 

Crude fiber 
content 

Amount of dry 
matter 

Food 

V 

Ca/p ratio 

n2 

0.490 

TVi 

-0.061 

rj4 

0.219 

riö 

0.115 

no 

0.177 

n2-3 

0.524 

^3-2 

-0.220 

rui. 

0.126 

ris 2 

0.195 

no-2 

-0.149 

n2-34 

0.484 

^1.324 

-0.187 

ri4*23 

-0.048 

ri5 23 

0.062 

no-23 

0.012 

n2 345 0.496 

^13245 

-0.163 

ri4 235 

-0.142 


0.149 

no-234 "0.028 1 


Correlation coefficients at P of: 0.05 0.01 

74 degrees of freedom 0.226 0.294 

73 » » »> 0.228 0.296 

72 » » )> 0.229 0.298 

The table shows that the amount of calciurn in the rations signi- 
ficantly influenced the calcium absorption. The eoeffieient of the 
gross correlation (0.490) was only slightly changed wheii the other 
variatea were eliminated one after another. The (Tude fiber content 
of the dry matter of the rations influenced the calcium absorption 
negatively, though the eoeffieient was insignificant. Ilowever, it is 
of interest to note this infhience as it has been proved in soine earli(»r 
investigations. The amount of dry matter in the rations influenced 
the calcium absorption positively, though the eoeffieient was not 
fully significant. When the irifluence of the other variates was eli¬ 
minated the eoeffieient changed in to a negative but still insignifi¬ 
cant one. The amount of phosphorus in the rations as well as the 
calcium to phosphorus ratio had no significant effeet on the calcium 
absorption, though the amount of phosphorus varied bet ween 0.9t> 
and 4.17 g, and the calcium to phosphorus ratio between 1.35 and 
5.81. 

Thus, it was only the amount of calcium in the rations that signi- 
ficantly affeeted its absorption. When the regression of the ab¬ 
sorbed amount of calcium in g, y, on the amount of calcium in the 
rations in g, x, was calculated, the following regression equation was 
obtained: 

y = -1.07 + 0.188 0 ? 

This equation shows that the amount of calcium in the daily ra- 
tion inereased to 5.9 g before the apparently absorbed amount be- 
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Calcium amouiit in the ra tion, g 
4.H0 5.60 6.40 7.20 8.00 8.80 9.60 10.40 



Fig. 1. The regrosHions of the daily arnoimt of ahsorbed calcium in g (above) 
and of tho calcium balance in g (below) on tia' arnounl of calcium in the daily 

ratiori in g. 


^an to be positive. At a smaller amount than 5.9 g, wlieii negative 
vahies were obtained for absorbed calciuin, calcium from t lie meta¬ 
bolism of the body must havc becn returned to the digestive tract. 
As to rations lacking calcium, the return was on an average 1.07 g 
daily. The true absorption of calcium, therefore, was greater than 
the apparent absorption treated here. 


The Phospliorus Absoriition. 

The same factors as in tlie casc of c^alcium were studied as to their 
influence on the phospliorus absorption. The eoefficients of the cor- 
relation between tliese variates are given in Table 4. 

It seems that the variates were in most cases sigiiificantly corre- 
lated to each other. As for the calcium absorption, the partial cor- 
relation eoefficients were calculated to sce how the variates influeneed 
the phosphonis absorption. In Table 5, where the results are in- 
serted, the Arabic figures refer to the following variates. 
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Table 4. Coefficients of Corrélation between the Characters of the 
Eations concerning Fhosphorus Absorption- 


j Crudo fibf'r 
i oont<*nt 

! 

Amount of 
dry mattor 

Food Ca 

_ 

Ca/p ratio 

Abaorbfd 

P 

j 1 

Food r .; - -0.688 j 0.821 

Crude fibor contoiit .. i —0.621 

Amount of dry matter | | 

Food Ca .1 i 

Ca/ P ratio. ! ! 

• 0.110 
0.254 
0.228 

-0.826 
0.713 
- 0.538 
0.578 

0.742 

- 0.754 
0.514 

- 0.206 
-0.700 


As to corrélation coefficients at P of 0.05 and 0.01, sc^e Table 2. • 


1 = Absorbecl P 

2 •- Food P 

3 = Crudo fiber content 

4 ~ Amoiint of dry mattor 

5 Food Ca 

6 ~= Ca/P ratio 


Table 5. Partial Coefficients of the Corrélation beticeen Äbsoybed 
Fhosphorus and Other Variates, 


Food P 

1 

(Viido tibcr 
content 

Amount of dry 
matter 

Food 

1 

Ca/p ratio 

i 

1*12 0.742 

ri2 3 0.468 

■ri2 34 0.565 
rv^ 34.^ 0.588 

n3 —0.754 

ri3 2 —0.501 j 

ri 3 24 " 0.557 
ri3-24r» ■ -0.582 

1 

fl4 0.514 j 1*15 —0.206 

^4 2 —0.249 ri5 2 “0.187 

1*14 23 - 0.370 . rjö 23 - 0.075 

ri4 235 “0.413 1 234 0.209 

'/lO “0.700 

; /'Ut 2 ■ 0.230 

1 1*16-23 0.007 

1 ^'Jö 234 0.158 


Corrélation coefficioiits at P of 0.05 and 0.01 (hoo Table 3). 


The table shows that an increasc of iho amount of phosphonis 
in the rations cansed an increase of its absorption. When the in- 
flnence of the erude fiber content was eliminated, the corrélation 
coefficient decreased to 0.468. Eliniination of the aniounts of dry 
inatter and calcium in the rations increased the coefficient slightly. 
The influence of the crudc^ fiber content on the x>bosphorus absorp¬ 
tion was significant and negative. The amount of dry matter in the 
rations showed a jiositive corrélation to the phosphorus absorption, 
but when the influences of the amount of phosphorus in the rations 
and the erude fiber content in the dry matter were eliminated, th(» 
corrélation coefficient changed into a negative one. The elimination 
of the varying amount of calcium in the rations had only a slight 
influence on the corrélation coefficient. 

Thus, the amount of phosphorus in the rations, the erude fiber 
content of the dry inatter, and the amount of dry matter in the ra¬ 
tions significantly influenced the absorption of phosphorus, the cor- 
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Pho8phoritö amoutit iii thc ratioii, g 
1.20 1,60 2,00 2.40 2.80 3.2o 3.00 4.00 

-T-r - r ■ ■ I" t-1-1- 


, i. 2 :> 


i 1-00 


0.50 


1 = O.CO 


Pig. 2. Tlio regresHions of the daily amounl of absorbed p}lo^!>pho^Uh. iu g (above) 
and of tlio pbospliorus balaiico in g (below) on tho amonnt ot plioaphorns in 

th(’' daily ration iii g. 

reliitioii coefficieiils g^realer thaii those at tho 1 % levoL On 

the othor hand, the aniouut of calcium and tho oahaiim to phospho- 
rus ratio in the ralions did not. si^^nificantly affoct tho absorption of 
phosphorus, as thc corrolatioii coofficaonts wero smaller than thoso 
of the 5% levol. 

On calculatinf!: tho rc^^^^rossion of thc absorbed amouiit of jdios- 
Xdiorus in ?/, on tho amount of x)hosphorus in thc ratioiis in g, 
the c.ontont of orudo filx^r in tho dry matt er in por cent, j:’ 2 , and tho 
amount of dry mattor of thc rationa in g, the following; oquation 
was obtaincd: 

y ^ 1.58+0.321 .r^ — 0.0106 a 2 - 0.000850 ^*3 

A comparison of tlie .t\ toriii of this ocxuation 'v^ith tho correspond- 
ing term in the equation for calcium absorption (pago 714) shows 
that the amount of phosphorus in the rations influenced its absorp¬ 
tion more strongly than the amount of calcium influenced its ab- 
fiorption. Further, if and x^ are given O-values, jdiospliorus 
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would still be absorbed. This fact may ha ve been caused by the 
rectilinear regression, postulated in the cahiulations. In reality, the 
regression was cnrvilinear, thongh only in a small degree. 

Calciuni and Phosphorus in the Urine. 

Naturally the factors here treated influenced the amounts of cal- 
cium and phosphorus in the urine, if thcy influenced the absorption 
of the two elements. Therefore, only the connections between the 
amounts absorbed and the amounts in the urine are of interest. 
The coefficients of these correlations are given in Table 6. 

Table 6 . Coefficients of the Correlation between the Absorbed and 
Exereted Amounts of Calcium and Phosphorus in Urine, 


1 

j 

1 

Ca in urine 

P in urine 

Absorbed Ca. 

-0.044 

0.097 

i » P ........ 

- 0.1.'vn 

0.417 


As to the correlation coefficients at P of 0.05 and O.Ol, see Table 2. 

This table shows that the amount- of urinary (».al<*ium was not 
significantly affeeted by the absorbed amounts of the two elements as 
the coefficients were lower than those of the 5% level. A priori, this 
result was to be expect-ed, as the amount of calcium in the urinen was 
very low (Table 1) and as the amount of calcium returiied to tlie di- 
gestive traet was great. The amount of phosphorus in the urine was 
not affeeted by the absorbed amount of calcium. On the other hand, 
at an inerease of the absorbed amount of phosphorus, the urinary 
phosphorus iiicreased significantly. The coefficient of the correla- 
tion between the absorbed amounts of calcium and i)hosphorus, 
which amounted to 0.131, was insignificant, so the partial correla¬ 
tion coefficient has not been comput ed. The regression of the amount 
of phosphorus in the daily urine in g, ?/, on the amount of daily ab¬ 
sorbed phosphorus in g, x, is shown by the following equation. 

y = 0.060 f 0.173 X 

This equation shows that phosphorus would be exereted in the 
urine also when no absorption was at hand. 

The Calcium and Phosphorus Balaiices. 

As in the case of the amounts exereted in the urine, only the coii- 
nections between the absorbed and retained amoimts of calcium 
and phosphorus have been treated. The coefficients of these correla¬ 
tions are given in Table 7. 
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Table 7. Coefficients of the Correlation between the Äbsorbed and 
Betained Amounis of Calcium and Phosphorus in the Body, 



Ca balance 

P balance 

Absorbed Ca. 

0.971 

0.073 

i » P . 

1 0.127 

0.876 1 


Correlation coefficioiits at P of 0.05 and 0.01 (see Table 2). 

The table shows that the calcium balance was strongly affected 
by the absorbed amouiit of this element, as the correlation coeffi- 
cient amounted to 0.971. On the other hand, the absorbed amonnt 
of phosphorus did not influence the calcium balance. The regres¬ 
sion of the daily balance in g, on the daily amount of absorbed caJ- 
cium in g, a?, is shown by the following equation. 

y - 0.061 + 0.904 x* 

According to this equation, the body was in a calcium equilibrium 
at an apparent daily calcium absorption of 0.064 g. As the regres¬ 
sion equation on page 714 shows, this absorption was at hand when 
the daily ration contained 6.03 g of calcium. As the content in the 
rations of the exi)eriinents averaged 5.78 g, the calcium balance was 
slightly negativ(‘. However, as the drinking water was rich in cal- 
eiuin, the WTdliers, in reality, may ha ve been in a cal(;ium equilibrium. 


JDiilly amouiit of absorbed calcium, jr 
1 20 - 0.80 - 0.40 0.00 0.40 0.80 1.20 1.00 



Fip. 3. The regression of the calcium balance in g on the daily amount of 
absorbed calcium in g. 
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Daily amount of absorbod phosphonis, g 
0.25 0.50 0.75 1.00 1.2.5 1.50 1.75 2.00 



Fig. 4. The regression of the phosphonis balanco in g on the daily amonni of 
absorbed phosphorus in g. 


Further, Table 7 shows that the phosphorus balance was infhienccd 
by the absorbed phosphorus amount but not by the absorbed cal- 
cium amount. When the regression of the retained daily amount of 
phosphorus in g, ?/, on the absorbed amount in g, x, was computed, 
the following equation was obtained: 

y = —0.106 + 0.851 x 

This equation shows that. a daily amount of 0.125 g of absorbed 
phosphorus was required for a phosphorus equilibrium of the wethers. 
Thus, this amount will compensate for the phosphorus ex(T(*tion in 
the urine. In a ration containing 1.0—1.5 g of phosphorus this 
amount will be absorbed. Thus the requirements of phosphorus in 
the raiions for wethers on a slight positive energy balance are very 
small. However, the experiments show that the body reserves in- 
creased, when the phosjdiorus content of the rations was increased 
further, which may be of importance to the metabolism of the body. 


Summary. 

In the present investigation the metabolism of calcium and phos¬ 
phorus in adult sheep (wethers) has been studied in 77 experiments. 
The rations included hay, given as sole feed or together with crushed 
oats and barley. 

The apparent absorption of calcium was positively correlated to 
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the amount of calcium in the rations (r = +0.490), and negatively 
but inöignificantly to the amount of dry matter in the rations and 
the contcnt of crude fiber in the dry matter. An averajije of 18.8% 
of the calcium in the rations was absorbed. The apparent absorp- 
tion of phosphorus was positively correlated to the amount of phos¬ 
phorus iu the rations (r — +0.588), and negatively to their amount 
of dry matter (r -0.413), and to the content of crude fiber in 
the dry matter (r == —0.582). An average of 32.1% of the phos¬ 
phorus in the rations was absorbed. The amount in the rations of 
one of the elements did not significantly influen(*.e the absorption of 
the other, and therefore the absorption was independent of the (kal¬ 
cium to phosphorus ratio, too. At a smaller amount of calcium in 
the rations than about 5.9 g, the calcium absorption was negative, 
and consequently calcium from the metabolism of tiie body must 
have becn returned to the digestive tract. The true absorption of 
calcium was thus greater than the apparent absorption. As to phos¬ 
phorus, siich a return was not proved. 

The calcium balance of the body was improved by an incrt^ase of 
the absorbed (*al(*ium amount, and the phosphorus balance by an 
increase of the absorbed amount of i)hosphorus. On an average, 
the cahiium balance was negative, but the phosphorus balance po¬ 
sitive. For a. positive balance of the body at least 6.0 g of calcium 
and 1.0—1.5 g of phosphorus were required in the daily ration when 
the weth(‘r8 were kept on a slight positive onergy balan(‘;e. However, 
a further increase of these amounts may, in practice, be of importance, 
as tlw. storage in the body is then improved. 
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Cytological studies of the efiFect of 2,4-dichloro- 
phenoxyacetic acid, 2-inethyl,4-chlorophenoxy- 
acetic acid, and 2,4,5-trichlorophenoxyacetic 
acid on Allium cepa. 

Preliminary report. 

By AXEL NY(JREN. 

Institute oj plant »ystematicft and gcnetics. 


Durin^ tho last years many researoh workers have beon occupied 
with olucidatin^? tho offoot of 2,4-dichlorophonoxyaootic acid and its 
derivatives for weed control. Tn spite of tho fact that thoso substan- 
coa woro soon found to bring about heavy dainafjos on treatod jdants, 
only a fow invostigations have beon carriod outi in order to clear up 
their cytological effocts. Bonie investigators have not found any 
cytological diaturbances at all, while in other cases there have been 
reported dcviationa from the normal behaviour of the cell, Thus 
IlYLAND (1948, pp. 122—123) finds that 2,4-1) causes »excessive 
vacuolation of the cytoplasm in the meristcm, a general inhibition 
of cell division, and the production of c-mitotic inetaphases» as well 
as a granulation of the chromatin in the nuclei and disturbances 
as to the mitochondria. Doxey and Rhodes (1949, pp. 110) 
working with 2-methyl, 4-chlorophenoxyacetic acid (i, e, methoxone) 
found acentric fragments, dicentric chroinosomes, chromatin bridges, 
microniiclei, irregular metaphase (konfigurations to occur, as well as 
Feulgen-positive buds to be extruded from the nuclei and numerous 
granules of similar material to be present in the cytoplasm. The 
nuclei were observed to stain feeble with leucobasic fu(khsin. Swan- 
SON, La Velle, and Goodgal (1949, p. 173) finaUy have found that 
2,4-D disturbes the development of the endosperm in Tradescantia 
paludosa. 

The present investigation constitutes a part of a team work on 
the effect of 2,4-D and its relatives on crop plants. As an introduction 
to the (jytological investigations Allium-te&t» have been made. The 
substances and concentrations used are: the sodium salts of 2,4- 
dichlorophenoxyacketic acid, 2,4,5-trichlorophenoxyacetic acid, and 

46 — 48106 Kungl. Lanthrukahögekolans Annaler. Vol. 16 
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Fig. 1. Two hours treatment in 2,4-D and 2,4-l> (CgHs)» NHg. After treatment 
the roots have been placed in water for forty-eight hours beforo fixation. The 
curves meoti the number of divisions per square unit in differont dilutions. ()n 
the abscissa the number of foiind divisions is so calrulated that prophases are 
countod as one, metaphaaes as two, and anaphases as well as telophasea as three. 

On the ordinata the negative logarithm of dihition is foimd. 


2-methyl, 4-chloroplienoxyac.etic acid, as well as 2,4:-D (r 2 ir 5)3 Nllg, 
all diluted to the following coiuientrations, 1/25 inol., 1/50 inol., 
1/200 moL, 1/1 000 mol., and 1/10 000 moL The tiiiie of treatment 
has varied between two and forty-eigfht hours. All onions have been 
placed in water for forty-eight hours before as well as after the f.reat- 
ment. Thus the first root-tips were fixed two days after they had 
been immersed in the Solutions, but later on fixations were made 
after seventy-two and ninety-six hours as well. Any considerable 
deviations as to the pH-value of different Solutions were not at hand. 

In all cases low oon(?ent-rations eaused c-tuinours on the roots, the 
first visible cytological effects being disturbances of the spindle 
and the formation of c-pairs. Later on stickiness phenornena occur. 
In such cases most anaphases and telophases hold chromatin bridges, 
as has already been observed by Doxey and Khodes, but also the 
chromosomes in prophase and above all in metaphase stages are in- 
fluenced. The metaphase chromosomes become thick and swelled, 
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Fig. 2. Twd liourH trcatment in 2,4,5*1' and 2*methyl,4-chloroplionoxyacetic acid 
(— rnot/Fioxono). After treatinent tbe roots have been placed in water for forty- 
eight hours before fixation. Tho cnrvea moan tho nuinbor of divisions per squaro 
unit in difforent diliitions. On the abscissa the number of found divisions is 
80 calculated that prophases aro couritod as ono, motaphasos as two, and anaphasos 
as woll as telophases as three, On the ordinata the negative logarithm of dilution 

is found. 


they stick tog^etlier and finally form a compact lump. The prophase 
stages show anastomoses between the chromatin threads, later on 
those stick together just as was the case with the metaphase chro- 
mosomes. Weak treatments cause disturbanc.es of the spindle and 
slight stickiness phenorrK^na followed by the formation of polyploid 
nuclei and the occurrence of micronuclei in many cells of the root 
meristern. Stron^i: treatments cause a considerable decrease in the 
number of cell divisions, which is especially ch^ar from the experi¬ 
ments with 2,4,5-trichlorophenoxyacetic acid (Figs. 1 and 2). In ad¬ 
dition to this, however, the protein metabolism, above all the nucleic 
acid cycle, is disturbed, which has been proved in many ways. Pre- 
parations of root tips from onions, which have been treatcd in strong 
Solutions, are very difficult to stain, crystal violet has given acceptable 
results only after pretreatment in one per cent chromic acid over 
night. This also holds true for the staining in Feulgen. Of special 
interest are buds, which are extruded from the resting nuclei (Figs. 
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Fig. 3 and 4. Tho effect of two hours treatment in 1/25 mol. 2,4-D. Chromosoino- 
mes, nucleoli and mitochondria are fragmented. 


8—10, 13). Doxey and Ehodes (1. c.) report such buds to be at 
hand at 2 600 p. p. m. treatment of methoxone. In the present in- 
vestigation their results have been confirmed. All substances caused 
extruded buds, not only in high concentrations, but also in the 
weakest Solutions used, i. e, 1/10 000 mol. The effect was especially 
obvious for 2-methyl, 4-chlorophenoxyacetic acid, but appeared in 
this case first 72 hours af ter the treatment. The nuclei project long 
apophyses, which are often branched (Fig. 10). The arms of the apo- 
physes break, and in this way fragments are formed. Thus there are 






Pl. t. 



Ki^ 5 14. fl. P’'ra^moiita(loii iii iiiftaphascs 2,4-1) 1/200 lor tuo hours. - 0. 

and 7. Hud-traf^monts, 2.4-L) 1,200 for two hour*^. S —10. Nncl('i with aj)o- 
j)liysos, nicthoxorK' 1 10 000 for two hoiira, fixi‘d 72 lioiirs after tr(‘atinonl. 11. 
Hu<l-fra^inoiits, 2,4-1) NH^ 1'200 for two hours. — 12. Nurloolus ontsido 

the niu*l(Mis, iiudhovoiu* 1^200 for two hours, fi.xod 72 hours utter trvatin<‘nt. — 
l.‘l. Nuoloi with af)Oj)hysoM, mothoxone 1'200 tor two hours. 14. No^jativo 
hett*ro|>y<*ius of ttdophasc sta^e, 2,4-1) l/oO for two hours. 
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two types of fragments in the cells. Por the first, such as llave arisen 
as a consequence of disturbances in the mitotic cycle (Pig. 5), and for 
the second »bnd-fragments» (Pig. 6, 7, and 11). Not only the nucdeus 
extrudes such apophyses, but also the nucleolus. In this way the 
nucleolus is being fragmented. In some cases strong Solutions 
(1/25—1/50 mol.) have caused a eomplete break-down of the whole 
nucleus (Pigs. 3—4). As alroady stated by Eyland (1. c.) the ini- 
tochondria are disintegrated by 0.1 % 2,4-D, but, in addition to this, 
chromosomes as well as nucleoli have been fragmented, and parts 
of mitochondria, nucleoli, and chromosomes are thrown around in the 
cell. It is likely that this strong effecit only is brought about, if the 
treatment strikes the cell in a sensitive stage of the mitotic division. 
In the same root-tips, where severely disturbed (*el]s are found, there 
oceur also resting nuclei as well as metaphases, anaphases, and 
telopliases. The stages of division just mentioned are affected in 
various ways, but they are not fragmented. Thus different stages 
of the mitotic cycle react differently to the Ireatment. 

It is obvious Ihat the substances investigated cause severe dis¬ 
turbances in the mito<i(‘ cycle of the (adb The disturbances consti- 
t ute physiological effects, i. e. sti<*kine8s phenomena, as well as 
structural clianges, L e , chromatid breakage (Matiquaudt, 1938). 
Thus they cause the same effect as X-rays (cf, Lioa, 1946), mustard 
gas (Koller, 1947), ethylene glycol (riHTERGREN, 1944), tryptaphla- 
vine (Bauch, 1948), and caffeine (Kiiilman and Levan, 1949). It 
is therefore very probable that they cause mutations as has already 
been demonstrated for mustard gas (Aiterbach, Kobson, and Parr, 
1947; OirsTAFSKON and Mac Key, 1948). Hesides this the extrusion 
of chromatin from the nucleus is charaeteristie of the 2,4-T) and 
2,4,r)-T-substan(*es, a phenomenon whi(*h is described as oceurring 
in tumour cdls (Ludford, 1925; Horniisg and Htchardson, 1930; 
Hornjng and Miller, 1930). The extrusion should become more. 
advanced with iri(T(*asing malignancy, a faxd; that stands in good 
relation to the conditions in onion, where it has been stated that 
tlie number of »extruding cells» iiicreases from one day to another 
atter the trfnitrnent. At last the whole cell mechanism breakes 
down and the cells die. Hesides in tumour cells disturban(ies similar 
to those observed in Allinm o(*cur by the degenera tion of P. M. 0:s 
in apoinictic Calamagrostis pmpurea (Nygren, 1946). 

The present investigation will in a near future be published to- 
gether with all primary data. It must alr(‘ady now be warned, how- 
ever, to use the substances mentioned in concentrations higher than 
1/1 000 mol., this being especially the case for breeding material 
and seed produetion of inbread lines. 

Financial support has been received from Jordbrukets forsknings¬ 
råd. 
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On the EfiFect of Straw and Straw Extract 
on Soil and Crop, Elspecially in Pot Experiments 

with Oats. 

By RAGNAR NILSSON and GÖSTA FÄIIR-EUS. 

From the Inatttule of Microhiology. 


Introduction. 

The question of returning the cereal straw to the arable land is a 
problem of cnirrent intercst from a praetieal as well as from a theore- 
tieal point of Thus, the xdowing iinder of the straw has fre- 

queiitly been discnssed in Bwedish literat ure diiring retrent years, for 
in8tan(‘-e by ToRSTEi^sisojy and his collaborators (13, 14). A survey of 
the problem of straw and humus has been given by Franok in 1946 
(6). The abstraets (»ompiled by Whallky (15) give an idea of what 
has been done with in the field of straw utilization uj) to 1943. 

The theoretical penetration of the wlioh». i)roblem has to be made 
from several differtmt aspeels. For instanee, through the iri(*,orpo> 
ration of straw the x>hysieal strueture of the soil is somewliat altered, 
and the quantity of salts and traee elements may also undergo 
ehajiges. The mierobiologieal a.si)e(d. of the i)robl(Mn seems to be of 
particular iiiterest to us, beeause the mifToorganisms play an im- 
portant part in the dee.omposition of straw. 

Tt/ is an old observation t hat an addition of large amounts of eel- 
lulosi(* materials (e. g. saw' dust) to the soil reduees the erop yield, 
unless a suffieient- nitrogen fertilization is apx)lied (ef. for instane-e 
SÖDKRBATIM & llARTHEL, 12). The explanatioii of this phenomenon 
usually seems t-o be the faet that the available nitrogtui in the soil 
is fixed as microbial protein. This protein does not become available 
to the higlier plants until afler the death of the rnieroorganisms and 
their proteolytic deeomposition. Tn certain cases even a complcte 
loss of nitrogen may oecnir through denitrifieation. 

Straw'^, like saw dust, eontains eellulose, and it. has been elearly 
shown that an abundant addition of straw may produce a consider- 
able reduetion in the yield of various crops at least on light soils 
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( 1 , 7, 14). However, this unfavonrable effect of straw can be neutra- 
lized by an adequate nitrogen fertilization ( 10 ,11). It lias even been 
claimed that increases in yield may sometimes be obtained by 
an application of straw in the presence of sufficient amounts of 
nitrogen (4). 

The effect of an addition of straw seems, to a considerable degree, 
to be dependeiit on the rate of its decomposition. In the soil, cel- 
Inlose-decomposing bacteria and fungi normally oc(*ur, but it does 
not soem to be excluded that an additional inoculation with vigorous 
strains of snch organisms coiild facilitate the decomposition of the 
straw. An ino(*ulation with nitrogen-fixing bacteria (Azotobacter) 
jnight also be justified in view of the fact that mariy cases of mutaal 
stimulation of cellulose-decomposing and nitrogen-fixing bacteria 
really exist. lii this connectioii, however, we must refer to reeently 
published experiments with negative results, in whieh various erops 
were inoculated with Azotobacter alone (5). 

The starting-point for this investigatiou was the observation that 
an addition of straw ext-ract proraoted growtli of rhizobia iti labo- 
ratory media (3), whieh fact was largely due to the presen(*e in straw 
of the growth substanoes thiamin and biotin, whieh are indispens- 
able for the rhizobia ( 8 , 9). The influencc of straw and straw extract 
on the formation of nodules on leguininous plants was then studied 
in field experiments, and as a comparison similar experiments were 
started with other plants. The results of our (^xpcTirnents with oats 
and potatoes from the years 1944 and 1945 have been briefly sum- 
marized by Nilsson in a lecture given at the Tniversity of Helsing¬ 
fors (29,4. 1946). They have also been nientJoned in a. note by 
Bjälfve 1948 ( 2 ). The results obtained have not be(m very repro- 
dueible, but beeause the subj(‘ct is of (‘urrent interest and since it is 
uiicertain when we will be able to continiie this investigatiou, we 
will now^ publish the experiinental results so far obtained. 


Experiments. 

Pot experiment with oats in 1944. 

As an experimental soil a light sandy loam of pH 6.3 from Ham¬ 
marby, XTltuna, was used. The experiment compri 8 <‘d two series, 
one bemg fertilized with 6 g superphosphate 1 3 g K2SO4 I- 10 g 
precipitated chalk in each pot (5 kg soil), whih» the second series 
reeeived an additional fertilization with 3 g NH 4 NO 3 each pot. It 
should be noticed that this quantity of nitrogen is very large and 
corresponds roughly to c. 600 kg N/ha. (600 Ibs/acre) or 3 500 kg 
Norway-saltpeter/ha. 
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Ötraw; ground wheat straw (< 2 mm), oontaining c. 0.5% N. 100 g 
straw was added to each pot. 

Straw extract: 1 kg wlieat straw extracted by boiling with 10 1 dis- 
tilled water. The extract cori(*.entrated so that 1 ml corresponds 
to 0.5 g straw. 100 g seed were treated witli 2 ml concentrated 
extract. 

Bacterial ciiltures: 

C 1 = »(lellfalcicula 15». 

0 2 = »Symbiose cultiire» -- eelhilose-decomi)()8ing and nitro- 
gen-fixing bacteria in a mixed cnltiire. 

A — A mixture of 4 Azotobacter strains with good nitrogen- 
fixing power. 

Tn the experimental series witliout inoeulation Ihe seed was tr(»ated 
with a quantity of water eqnal to tln» amonnt of inoeulation fluid 
used for the irioculated series. 

Each series eornprised 5 parallel i)ots. In eadi pol 15 planls. 
Seed: »Stjårnhavre.» Seeding 20.0. Harvest 1.9. (Irains and straw 
were harvested and dried separat ely. 

The Azotobacter deterniinations were made aeeording to a modi- 
fication of the method devised by (JUKiE (ef. 5, p. 28). The numb(T of 
eel]ulo8e-d(M.'<)mpo8ifig bacteria was estimated from a simple dilution 
of soil samples in tubes (»ontaining eellulose in a mineral medium. 
These (jounts must ho. (‘onsidered V(Ty approximate. 

The results are to be seen in Table 1, 

From Table 1 the following things will be seen. An addition of 
straw in the series tvlihout nitrogcn results in a V(U’y marked de(‘-r('ase 
in yield, in the series with nitrogen^ on the oth(*r hand, a very marked 
iiierease in yield. I^irtieularly interesting is the treatmenl of the 
seed with straw extract. This treatmenl does not affeet the yield 
withont nitrogen being added, but with nitrogen i>resent the treat- 
meiit with straw extract leads to an increase in yield of th(' same 
order of magnitude as that obtained witli the addition of straw. 

From these r(»snlts it seems conceivable that the bemdicial effect 
of straw should, at h»ast to a certain degree, b(* due to ils water- 
soluble constituents. 

In this connection the remarkable fact should be noticed that. the 
treatment with straw extract has resulted in a large incr(‘ase in the 
number of cellulose-decomposing bacteria, this increase being greater 
still in the nitrogcm fertilized i)ots. The increase seems to be quitc' in- 
dependent of the inoeulation made. 

All ino(‘ulation of the S(*ed with a mixture of cellulos(‘-de(‘oniposing 
and nitrogen-fixing bacteria has no obvious effect on the series 
without nitrog€Ui fertilization, but in nitrogen-fertilized vessels it 
iuereases the straw effect furtlier. The positive effect of the treat¬ 
ment with straw extract, however, is not influenced by the inocnla- 
tion with bacteria. 
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Table 1. Pot Experiment icith Oats in 1944. 
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The application of straw causes a considerable increase in the 
Azotobacter content of the iriocnlated series. 

The effect of nitrogen fertilization is surprisingly low. If we as- 
fiiime that the nitrogcm was given in superoptimal quantities, then 
the favourable effect of the straw could be interpret ed in the follow- 
ing manner: through the activity of the cellulose-decomposing micro- 
organisms the amount of nitrogen is brought down to a level wliich is 
optimal to the plants. However, in this way the beneficial influen(*e 
of straw extract cannot be explained. Nor docs it normally happen 
that nitrogen quantities of this order of magnitude inhibit tli(^ 
growth of plants in i)()t experiments. 

Another explanation might be that the soil structure was in a 
rather poor condition and for that reason the plants were not able 
to utilize the nitrogen added. In that oase the straw would be of 
value by improving the soil structure. 

The total nitrogen was deterrnined in the soil and in the dried 
plant material, but the values obtamed do not show any remarkable 
features. The nitrogen balance showed that all nitrogen was reco- 
vered in the analyses, with one exception. Consequently no deni- 
trification had oceurred as a rule. 

The soil whioh had been used for the expc^riment referred to above, 
was again used the following year in order to study the remaining 
effect of the addition of straw. From t-his experiment it became evi¬ 
dent that a favourable influen(‘(^ of the straw could still be noticed 
in the vessels which had been nitrogen fertilizcni in 1944. Tlie fol¬ 
lowing figures may b(^ given from this experiment (all soils uscmI had 
be(*ii ino(;ulat(^d with bacteria in the first year). 


Table li. Af ter J^Jffect of the Addition of ^^tran\ 


Trctttnjciit of tlu* soil 1944 

oi 

Yielil of 

^ruins 

Violtl of straw 

j tlio Hoil 19 jr> 




Nitrogon fortilizod ... 

.! XTnti^ontod 

3.44 i: 

1 

0.13 1 

'1 

4.1 + 0.10 ! 

Nitrogen fertilized, straw appliod . 

• 1 » ! 

4.111 

0.20 j 

i 5.31-0.1.3 j 


The favourable after-effect of the addition of straw' is obvious, at 
least as far as the yield of straw is concerned. 


Pot experiment with oals in 1945. 

Soil: fine sand of pH 7.0 from Ugerup, »Skåne. 

Fertilization: 6 g superphosphate + 3 g K25S04 in each pot (5 kg 
soil). 

For details regarding straw, straw extract and bacterial cultures, 
ef. the data given on p. 731. In the present experiment some ad- 
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ditional series were started in order to study the influence of various 
amounts of ground straw, of chopped straw (10 cm), and of various 
quantities of nitrogen given as NII 4 NO 3 . Inoculation with the 
bacterial cultures used in the previous experiment had no effect 
whatsoever, and for this reason the inoculated series are omitted 
from Table 3, in which the results are given. 

It will be seen from Table 3 that also on the light soil used in this 
experiment the treatment of the seed with straw extract seems to 
ha ve a positive effect on the yield of grains, which is not quite neg- 
ligible, provided nitrogen is added. The increase, which amounts to 
38%, can be considered statistically significant. 

Straw given as chopped straw (10 g to each pot, (^orresponding to 
0 tons/ha), had no unfavourable effect on the yield of grains or 
straw in the presence of nitrogen. Nor could any increase be estab* 
lished, as compared with the series witliout. straw. 

Ground straw, however, given in larger quantities had a very un¬ 
favourable effect, unless nitrogen was applied in sufficient amounts. 

It is evident that the results obtained in this exi)eriment differ 
considerably from those obtained in the i>ot experiment in 1944. 
The effee.t of the addition of straw seems in a decisive manner to be 
dependent on the type of soil used. The i)ositive effect of a straw 
extract in both these experiment indicates what lines should be fol- 
lowed in the future study of the problem. 


Field experiments. 

So far, it has only been possible to arrarig(^ two field experiments, 
both in 1945. One of these (oats) was laid out on a sandy loani at 
Ultuna, Uppsala, while the other one (potatoes) was laid out on fine 
sand at Ilgerup (Skåne). The latter soil was the same as that used 
for the pot experiment in 1945. Jii no of these field experiments, 
however, was any statistically significant effee-t obscrved (in t-he 
nitrogen fertilized series), mdther as a result of the addition of straw 
nor of the treatment of the seed with straw extract. 

Consequently, the field experiments so far arranged do not refleet 
the results obtained in the pot experiments. 


Discussion. 

The experimental results obtained are liitherto very incomplete 
and do not justify a; more detailed discussion. Nor do they permit 
any conclusions regarding the conditions in the field. 

We only wish to direct attention to the fact that in several cases 
a straw extract treatment of the seed had favourable effects on the 
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yield in pot experiments with oats. The similar effect of straw in 
one experiment is possibly due to its water-solnble substances, but 
the explanation of the beneficial effect of straw inight also be an 
improvement of the soil structure. 

The very marked increase in the number of cellulose-decomposing 
bacteria as a result of the treatment with straw extract is particularly 
worth mentioning. It might be possible that there exists a casual 
relation ship between this treatment, the high number of bacteria 
and the beneficial influence on the plants. 

Conclusions regarding the value of adding straw to field soil can^ 
of course, not be drawn from the experiments rei)orted here. But 
the results may be said to give a point of departure for the further 
investigation of this important problem. 


Summary. 

In pot experiments, but not in field experiments, a high increase 
in the yield of oats was achieved by tlie addition of straw or by 
treatment of the seed with straw extract, in case a sufficient amount 
of nitrogen was provided. The treatment of the seed with straw 
extract greatly increased the number of cellulose-decomposing 
bacteria. 
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Preserved by Means of AIV Acid and Formic Acid, 

Respectively. 

By FRITHIOP ALM. 

From the Inatitute of Microbiology. 


For the preservation of ^?reen fora^^e by the T. G. Farben Amasil 
method, arriounts of formic acid are recommended whieh are stoichio- 
metrically less thaii half of the amounts of mineral acids used in 
the AIV method. As, besides, formic acid is a weak acid cornpared 
with mineral acids, the formic acid quantities in question (‘.annot 
depress the pH of the fresh fodder below 4, which is the fundamental 
principle of the AIV method. However, it is said that formic acid 
has a certain specific preserving effect not directly dependent on 
the acidity. See for instance Orasemann (1941). 

Since the origin of the Amasil method in 1939, experiments have 
been made in many countries to test the effectiveness of the method. 
These experiments have been summarized by Jarl (1948). In ex¬ 
periments with the AIV method — where the prescribed amounts of 
AIV acid have really been employed — and the Amasil method to 
compare the qualities of the two types of silages, different results 
have been obtained. Even the same author has in various experi¬ 
ments arrived at different results (Fyrileiv (1944) and Fyrileiv 
and [Jlvesti (1945)). In this connection 1 refer to Jarl (1. c.). 
Whilst a correctly made AIV preservation always seems to give a 
good silage, it appears as if the formic acid silage might give varying 
results. Jarl (1. v.) has cornpared AIV silages with formic acid ones 
preserved in small silos. He has used four different amounts of for¬ 
mic acid, viz. dilutions 1 : 20, 1 :13, 1 : 9.5, and 1 : 7.4. He has also 
made experiments with and without any drainage of the juice. 
Three experiments were made in 1944—45. If the juice was drained 
off from the formic acid silage, the losses of organic matter, etc., were 
on an average greater in the formic acid silage, even at a dilution of 
1: 7.4. On the othcr hand, if the juice in the formic acid silage was 
not drained off, the losses of organic matter were less than in the AIV 
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silage. In experiments in large silos Jarl and Helleday (1948) 
have, by adding 4.1 litres of formic acid, diluted 1 : 8.9, per 100 kg 
of green fodder, and without draining off tlie juice, obtained 
smaller losses of organic matter than in the corresponding AIV si¬ 
lages. 

Methods. The experiments were made in six straight-cylindrical vessels 
of 1 mm acid-proof stainless steel, 80 cm high, 40 cm in diameter, 100 litres 
volume. The vessels were supplied with tight-fitting covers. The rounded 
bottom waa supplied with a stop-cock for draining off the juice. O ver the 
bottom was a plane, perforated plate of stainless steel for obtaining a space 
between the plate and the bottom to collect the juice there. Ov^er the fodder 
was placed a well-fitting plate of the same material as the vessol. On the 
plate, to compress the fodder, was au iron weight of 47 kg, corresponding 
to a prossnre of 375 kg/rn*-^. On this woight a porcelain dish was placed 
oontaining 1 1 c. 8N KOH for tho absorption of ("Og. (Fjg. 1.) 




Fig. 1. 


The fodder was harvested in fine weather and was cut (in Experiment 1 
and II) into small pieces of c. 4 cm. It was then taken to the laboratory 
and placed in a heap on the floor. The fodder was well mixed before the 
preservation work started, and iu)w and then afterwards. 

The same preservation was always made in two vessels. Tims in the six 
vessels three different series could be obtained. Three vessels were always 
prepared simultaneously, viz. one vessel from each series. 

The fodder was put into the vessels in 1 kg portions weighed with an 
accuracy of ±0.5 g. The portions were distributed in such a mamier that 
each vessel received every third portion. By using a pipette, each portion 
was sprayed with the amount of acid solution in question. The portions 

47 — 48106 Kungl, Lantbrukshögakoland Annaler, Vol. 16 
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were carefully mixed during the addition of the acid and than well packed 
in the vessel with a wooden bar. 

After all the portions — in Experiment I, II, and III, 2d, 32, and 26, 
respectively — had been packed in, an extra amount of acid corresponding 
to 1 kg of fodder was sprayed over the fodder in the vessels and a small 
quantity of benzoio acid was spread over the snrface to prevent the growth 
of moulds. Immediately after this the plate, the weight, and the porcelain 
dish with the KOH solution were put in place and the cover was screwed on, 
The preparing of all the six vessels was accomplished within about 4 hours. 

During the preparation of each set of three vessels five samples of 1 kg 
each were taken from the fresh fodder on the floor at certain fixed inter- 
vals of time and combinod. In this way two samples of the fresh fodder 
were obtained, each sample weighing 5 kg. These samples were dried in a 
current of air, electrically heated to 70° C. and then stored in the dry atmo- 
sphere of a mill room imtil their weight did not change. A part of each 
sample was then ground in a Wiley mill for the determination of the re- 
maining moisture and the ash. 

Simultaneously with the samples just mentioned, samples were taken of 
the green fodder on the floor to determine the nitrogen content of the fresh 
fodder. These two samples, each 2—3 kg, well sealed, were immediately 
placed at 0° C. and the analyses were made on the following day. 

The silage vessels were stored at 15 -18° C. The juice was drained off 
now and then, the volume was measured each time, and 0.3 per cent NaF 
added to prevent microbial changes of the juice. The juice was stored at 
0° C. 

Samples of the KOH Solutions in the vessels were taken at fixed inter- 
vals, and the absorbed amount of CO 2 was determined titrimetrically. 

At the end of every experiment each fodder preservo was pressed o\it 
of the vessel as a whole cake, which was immediately weighed. The cake 
was then cut vertically from the middle into ©ight sections. Half of these 
(namely alternate sections) were used to determine dry rnatter and ash in the 
very same way as has been described above concerning the fresh fodder. 
The amoimts of dry matter and organic rnatter thus obtained have been 
corrected with regard to volatile substances in the various silages, whicli 
disappear under the dry ing process at 105° C. Thus the total amounts of 
ethanol and butyric acid and also 80 per cent of the acetic acid in the various 
silages have been added to the values of dry matter and organic matter 
obtained after drying the silages at 105° C. (See Jarl and Hellrday (1. c.) 
and Watson (1939).) 

The other half of the cake in question was put into pots with well-fitting 
covers and refrigerated down to 0° C. during the night. 

In trying to grind this fodder in a moat-mincer it became so hot, in spite 
of the refrigeratioii, that it lost moisture up to 4 per cent of its weight. Be- 
cause of this, the fodder was choppod by hand with knives. If the silage 
fodder was refrigerated to 0° C. and chopped at room temperatur©, no losses 
of moisture occurred. 
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Fig. 2. 



Fig. 3. 


Fig. 2. Preaervation of 25 kg of a clover-timothy forage. Formation of OO g. Curves 
1 and 2, 75 ml 2N AIV aoid, Curves 3 and 4, 40 ml 1.2N formic acid, and Curves 5 
and 6 , 80 ml 1.2N formic acid per kg fresh fodder. 

Fig. 3. Preservation of 32 kg of alfalfa forage. Formation of (Xlg. Curves 1 and 2, 
80 ml 2N AIV acid, Curves 3 and 4, 40 ml 1 . 2 N formic acid, and Curves 5 and 6 , 
80 ml 1.2N formic acid per kg freah fodder. 


The analyses of the different fodder preserves ha ve been made aecording 
to Kakstkom and Virtankn (1937). Ashos and fibre liave been determined 
by the Analytical Service of our Chemical Institute. 

Experiment 7. June 29th, 1944. For this experiment clover-ti- 
mothy from a first-year ley was used, in each vessel 25 kg. To each 
kg of the fodder the following additions were made: 

In vessels 1 and 2, 75 ml 2N AIV aeuF 

» » 3 » 4, 40 » 1.2^ formic acid 

» » 5 » 6, 80 » 1.2N » » . 

The experiment was discontinued in two stages. The preserves 
in vessels 1, 3, and 5 were taken oiit after 55 days, and in vessels 2, 4, 
and 6 after 57 days. The results of the analyses can be seen in 
Table 1 and the evolution of carbon dioxide from Fig. 2. 

^ A mixture of oqual parts of 2K HCl and 2N II 2 SO 4 . 
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Table I . 



These figures are surely too low. 

KOH from the porcellain dish »pilled out into this veasel. 
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Fig. 4. Presorvation o£ different grasses from a lawn. Formation of CO,. Curve» 
1 and 2, 80 ml 1.2N formic acid, Curves 3 and 4, 80 ml N AIV acid, and Curves 5 
and 6, 70 ml 2N AIV acid por kg fresh fodder. 


Experiment II, Aug. 30th, 1944. In this experiment alfalfa from 
a third-year ley was preserved in the flowering stage. This fodder 
was not quite suitable for the making of silage. 32 kg of fresh fodder 
were used for each vessel. 

To each kg of the fodder the foUowing additions were made: 

In vessels 1 and 2, 80 ml 2N AIV acid 

» » 3 » 4, 40 » 1.2N formic acid 

» » 5 » 6, 80 » 1.2N » » . 

The preserves in vessels 1, 3, and 5 were taken out for analysis 

after 106 days, and the others after 107 days. The results of the ana- 
lyses may be seen in Table 1, and the evolution of CO 2 from Fig. 3. 

Experiment III, June 27th, 1945. Fodder from a lawn was pre¬ 
served, consisting of Trijolium, Lotus Corniculatus, Festuca, Phleum, 
and others, which was cut once or twice a week. The experiment 
was intended to compare two different fodder preserves starting 
with the same pH, the one being acidified with formic acid and the 
other with AIV acid. For this reason, 80 ml of 1.2N formic acid 
were added to 1 kg of the finely ground green fodder. After 15 mi- 
nutes the mixture bad a constant pH of 4.21. The same pH was 
obtained in a corresponding mixture with 80 ml of i? AIV acid. 

In each vessel 25 kg of fresh fodder were preserved. To each 
kg of the fodder the foUowing additions were made: 

In vessels 1 and 2, 80 ml 1.2N formic acid 

» » 3 » 4, 80 » ^7 AIV acid 

» » 5 » 6, 70 » 2N » » . 

The preserves in vessels 1, 3, and 5 were taken out for analysis 

after 61 days, and the others after 62. The results of the analyses 
may be seen in Table 1, and the evolution of CO 2 from Fig. 4. 
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The amounts of metabolic products of the different fodder preserves in 
Table 1 eare given in per cent of the weight of the fresh fodder preserved. 
It would have been better to give the nxetabolic products in per cent of 
the organic matter of the fresh fodder. However, if this is done, one finds 
that in certain preserves the losses of organic matter, calculated from the 
carbon dioxide formed, must be larger than those shown by the analyses 
of organic mattor. The reason for this must be that some organic matter 
of the fresh fodder has been lost during the drying process through respira- 
tion. The figures given for dry matter and organic matter of the fresh 
fodder are therefore probably too low. This is particularly obvious con- 
ceming the fresh fodder in Experiment ITT. When drying this fodder the 
electric current was tumed off beyond our control. Because of this the 
drying process took twice as long a time as compared with Experiment 
Nos. I and II. 

The figures given for dry matter and organic matter in the silages are 
surely correct. Any losses due to respiration in the fodder preserves during 
the drying process ean hardly be taken into consideration. Because of the 
probable errors mentioned above, the losses of organic matter duo to pre- 
servation have not been given in Table 1. For the same reason the meta¬ 
bolic products in the different silages have been given in per cent of the 
fresh fodder, the weight of which is known as being correct, and not in per 
cent of the organic matter of the fresh fodder. 


Discussion. 

The smell and the colour of the AIV fodder preserves have in all 
these experiments been very good. The forinic acid silages in Ex¬ 
periment I have been less good in this respect, in Experiment II 
good (in vessel 6 very good) and in Experiment III very good. 

The pH of the AIV fodder preserves in Experiments I (vessels 1 
and 2) and III (vessels 5 and 6) is typical of an AIV silage. In the 
formic acid silages of these t wo experiments the pH is what one nor- 
mally finds in such silages with the excieption of vessels 5 and 6 in 
Experiment I. This anomaly will be discussed later. In Experiment 
II pH in all tlie silages are above tlie normal, due to the high buffer 
capacity of the alfalfa fodder. The silages in vessels 1 and 2 of Ex¬ 
periment II with the addition of AIV acid cannot be named AIV 
silage as the mineral acid added has not lowered the pH below 4. 
Experiment II has, however, been described here to show the effect 
of various amounts of formic acid. 

In Experiment II and III one finds the highest amounts of organic 
matter in the AIV fodder preserves when compared with the corre- 
sponding formic acid silages. In Experiment I the difference between 
AIV silage (vessels 1 and 2) and formic acid silage (vessels 3 and 4) 
is not significant. The AIV fodder preserves have formed the lowest 
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amounts of carbon dioxide in all the tliree experiments. It must 
be pointed oiit that the silages in vessels 3 and 4 in Experiment III 
must not be called an AIV silage, as an insuffioient amouiit of acid 
has been added. 

The total losses of nitrogen, the greatest part of which is to be found 
in the juice, show no great difference between the silages in eaeh ex¬ 
periment. However, the lower NHg nitrogen contents of the ATV 
silages should be noticed. 

The formation of acetic acid is lowest in all the AIV silages, and 
in these silages only insignificant amounts of butyric acid have 
been formed. The formic acid silages in Experiment I (vessels 3—6) 
and also the silages with 40 ml of formic acid added (vessels 3 and 4) 
in Experiment IT contain considerable amounts of acetic acid and 
butyric acid. The formic acid silages with 80 ml of acid added are, 
in Experiments II (vessels 5 and 6) and 111 (vessels 1 and 2), in this 
respect almost of the same character as the, corresponding AIV 
silages. 

Summiiig up the above-mentioned observations, one must come 
to the conciusion that the preservations made with AIV a(a*d 
have given the best results. The formic acid silages with 40 ml of 
acid per kg of fodder have all been unsatisfactory. With the double 
quantity of formic acid, in Experiments II and 111 good silages have 
been obtained. However, in these silages the preservation of orga- 
nic matter and i)rotein is not so good as in the (iorresponding AIV 
silages. 

Fodder preserves 5 and 0 in Experiment 1 appear peculiar. In 
this case, apparently, the formic acid has to a gr(»at extent disaj)- 
peared from the silage. In spite of the faet that the double amoiint 
of formic acid was used at this preservation, as comi)ared with pre¬ 
serves 3 and 4 in the sam(‘ experiment, tlie contents of formic acid 
in silages 5 and 6 are only half the amount of the former. Evidently 
a decomposition of the formic acid has occiirred in silages ö and 6 
causing deterioration of the silage. A considerable formation of 
butyric acid has occiirred at the expensc of the lactii*. acid formed. 
pH in the silage is a good deal higher than in silages 3 and 4. The 
evolution of CO 2 is much greater. A smaller part of this evidently 
comes from the formic acid decomposed. If the whole amount of 
formic acid disappearing — a great deal of it has vanished with the 
juice — had been broken down, only 20 per cent of the total amount 
of carbon dioxide could have been derived from the formic a(ud. 

The above-mentioned specific preserving effeet of formic acid 
surely exists. G. Stenlid (private communication) has shown that at 
pH 4.5 a 0.01 M sodium formate solution in a phosphate-citrate 
buffer inhibits the respiration in roots of wheat after 2 hours to 50— 
80 per (jent. With carrot leaves under the same conditions the in- 
hibition after 2 hours is 30—50 per cent. Acetic acid has the same 
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effeet, but not citric acid. Through an addition of 80 ml of 1.2M 
formic acid to 1 kg of fresh fodder the concentration of formic acid 
gets c. 0.1 M, which must give a powerful inhibition of the respi- 
ration in the fodder. On the oiher hand I have found (not yet pub- 
lished) that formic acid inhibits the lactic acid ferrnentation of 
Streptobacterium plantarum, The natural preservation of the fodder 
by lactic acid ferrnentation might therefore be partly prevented by 
the formic acid. Experiment III also indicates this. The pH in the 
preservations with formic acid and AIV acid, rcspectively, being 
the same at the beginning, viz. 4.2, considerably more lactic acid has 
been formed in the mineral acid silagc (vessels 3 and 4) than in the 
formic acid silage (vessels 1 and 2). The fodder preserves are, how- 
ever, of about the same quality. Thus, the preserving effeet of the 
formic acid might in this case be said to be as great as the effeet of 
the plI depression (*>aused by the lactic acid ferrnentation in the mi¬ 
neral acid silage. However, it must be stated that the results of the 
preservation are better in the properly made AIV silage (vessels 5 
and 6). From this faet one can draw the conclusion that the speedfie 
lueserving effeet of formic acid — with the amounts of formic aedd 
present in these silages — cannot compensate the effeetive depression 
of pH obtainable through a sufficient amount of mineral acid. 

In Experiment II more lactic acid is present in the preserves with 
the great er amount of formic acid (vessels 5 and 6) than in the pre¬ 
serves with a smaller amount (vessels 3 and 4). If the formic acid 
has an obstrueting effeet on the formation of lactic acid, the condi- 
tions ought to be the opposite, it seems. However, in vessels 3 and 
4 certain arnouiits of butyric a(dd have been formed, which may (‘oine 
from lactic a(dd. As two moles of lactic. acid are required for tlie for¬ 
mation of one mole of butyric acid, the formation of lactic. acid in 
vesstds 3 and 4 may have». been greater than in vessels 5 and 6. For 
a further elucidation of the formic acid as a^ preservatdve tlie effeet 
of this acid on butyric a(dd ferrnentation should be examined. 

The vessels have been provided by ISveriges Lantbruksförbund, 
to whom I wish to express my sincere gratitude. My thanks are 
also (lue to Mrs Gunvor Häggström, Messrs F. Danga, G. Blom, 
II. Blom, and S. Tegelström, who liave assist ed in the analytical 
Work. 


Summary. 

1. In vessels of stainless Steel holding 100 1, three experiments 
have been made in order to compare silages received through the 
preservation of green forage with AIV acid and formic acid, respec- 
tively. The juice was always drained off. In all these cases a better 
preservation of the green fodder has been obtained with AIV acid 
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as a preservative than with formic acid, even when amounts of for- 
mic acid ha ve been nsed corresponding to 8 1 1.2N formic acid per 
100 kg of fresh fodder. 

2. The specific preserving effect of formic acid is discussed. 
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1. Introduetion. 

Wlien determining the extent to wliich poultry are able to digest 
the protein in their food, the difficulties encountered are greater 
than those conneeted with similar determinations carried out with 
other domestic animals. The reasons for this are partly the well- 
known faet that poultry oxerete faeces and urine together, and 
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partly that the greater part of the nitrogenous compounds in urine is 
made up of stable, crystallized uric acid wbich is difficult to dissolve. 

The purpose of the present work is first to make a survey of the 
methods which have hitherto been used in such digestibility trials, 
and then to describe a new Chemical method of determination and 
to give soine results which have been obtained when using this 
method. 


IT. Composition of the nitrogenous matter in poultry 

excreta. 

The greater part of the nitrogenous matter in the excreta has its 
origin in the urine. The foUowing distribution of total nitrogen in 
the excreta lias been worked out from material obtained during 
digestibility trials carried out by Katayama in 1924 and Engler in 
1933: 



Bird No. 

Numbor of 
ejwperimontH 

Perceiitago of total nitrogen 
(average) 

ITrinary N | Eaeeal N 

Katayama. 

22 

If) 

74.7 

25.3 

» . 

24 

15 

76.9 

23.1 

Engler.^ 

1 iS. O.G. 

4 1 

75.7 

24.3 

» . 1 

T R 

4 1 

70.0 

30.0 


Even if the methods of analysis which these iiivestigators applied 
do not now seem to be cntirely satisfactory, it is obvious that the 
averages which were obtained are very jdausible. The overall average 
of these 38 experiments shows that the faecal nitrogen constitutes 
24.7 % of the nitrogen in the excreta: from 77 of our own analyses of 
excreta samples we obtained the (jorresponding value of 27.6%. 
The iudividual samples show a considerable variation — between 
12% and 44% —, niainly as a result of differonces in feeding. (öee 
Pig. 2, Chapter IV D.) 

Bird urine contains several different compounds of nitrogen, 
among which uric acid is dominant. According to a collation of the 
analyses of different investigators, which was published by Ooulsen 
& Hughes in 1930, the nitrogen in urine is divided among the foh 
lowing compounds: 

Percentage distribution 
of urinary nitrogen 

l?itrogen as uric acid 60—82 

Mtrogen as aramonia ö—25 

Mtrogen as urea 3—^10 
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Urinary N 
56—88 % 
average 
c:a 75 % 


Faccal N 
12—44 % 
averago 
c;a 25 % 


40 —70 % aa urlc acld 


4—20 % aa ammouia 

4— 12 % as urea 

5— 16 % as other »amJdea» in thci urin« 

1—• 4 % aa »tnie protein» in the iirine 

10—40 % as »true protein» in the faeces 

1—4 % aa eaaily aoluble »amidea» in thc faoces 


Fig. 1. The distribution of the excretory nitrogen as a porcentage of total 

nitrogen. 


Urine contains, in addition, minor quantities of other nitrogenous 
compounds, sncli as ereatine, creatinine, guanine, gnanidine, al- 
lantoin, and other purines. In 1933 Enöleii found during his in- 
vestigations that, on the average, 75.5% of the total nitrogen in 
urine is present as iiric acid and 10.1% as ainmonia. The figures 
quoted show that urine can display quite large variations in its per- 
centage composition. 

Details of the composition and character of faecal nitrogen are 
rather rare in the published literature. Katayama (in 1924) and 
Engler (in 1933) havc investigated thc ammonia contcnt of faeccs 
from birds with artifieial anus, and have obtained the following re- 
sults: 




j Aramoniacal iiitrogoii, as a perceiitago of 


Numbor of 
experiments 

j total laecal nitrogen 


1 Average 

Variation 

! 

Katayama.... | 

1 

1 19 

1 

2.04 

0.28—3.30 

Engler.| 

1 « 

i 5.4« 

3.97—7.89 


In 1931, when investigating faeces from birds with artifieial anus, 
Stotz found that approximately 90 % of the total nitrogen could be 
precipitated with phosphotungstic acid, and was thus of protein 
nature. The remainder, i. e., about 10 %, would thus be made up 
of »amide nitrogen» (nitrogen combined in ammonia and other water- 
soluble nitrogen compounds). Our own analyses and calculations 
have led to approximately the same result. By far the greater part 
of the nitrogenous substances in faeces is therefore of protein nature. 
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and it is apparent that the proportion of this »true protein nitrogen» 
to the total nitrogen of the faeces is not subject to any major changes, 
The total nitrogen content of the dry matter in the mixed excreta 
varies from scarcely 1 % with a nitrogen-free diet (see Chapter IV 
H and IV I)) up to about 10 % with a diet rich in protein. With nor¬ 
mal feeding the nitrogen content of the excreta would seem to re- 
matn between 3 and 8 %, with an average of about 5 %. A coUation 
of details taken from the work of Chlebnikov, Coxjlsen & Hughes, 
Bavis, Diakow, Engler, Mangold & Hock, Stotz and others, 
supplemented by the results of our own analyses, makes it possible 
to present in diagram form (Fig. 1) the distribution of nitrogen in 
excreta between the different types of nitrogen compounds. 


ITT. Earlier methods for the determination of the un- 
digested protein in bird droppings. 

During the past half century several investigators have attempted 
to separate the faeces from the urine in poultry excreta, and have 
tried out many different methods. The problem has been attacked 
in three rnain ways, differmg from one another in basie principle, 
namely; 

1) by performing an operation to form an artificial anus, i. e., 
separate channels for faeces and urine, 

2) by mechanioal separation of the urine from the faeces in the 
mixed excreta, and 

3) by Chemical separation of faecal nitrogen from urinary nitro¬ 
gen. 


A. Artificial anus. 

Tn experiments with birds on which this operation has been per¬ 
formed, it is easy to determine the amount of undigested nitrogen 
compounds in the same way as in experiments with other domestie 
animals. Such experiments are, however, difficult to carry out, due 
to the faet that the birds often die soon after the operation, so that 
it is difficult to keep them alive a sufficiently long time to permit of 
repeated investigations being made with one and the same bird. 

The principle of the operation is as follows: — immediately cranial 
to the cloaca, an extra anus is formed. The operation is usually 
carried out through a ventral incision (Paraschtschuck 1902, Leh- 
MANN 1903, VÖLTZ 1909, SZALAGYI & KRIWUSOHA 1918, KATAYAMA 
1924, Engler 1933, Haas 1933). 

Eotschild (in 1946) expressed the opinion that the best place to 
secure the artificial anus is the lateral body wall: the operation 



Investigations on Digestibility of Protein in Poultry 


753 


should be easier to perform here thian ventrally, as there are thicker 
layers of fat in the latter position. Anotber advantage would be 
that the strain in the rectum after the operation should be less, as 
it is situated doser to the lateral body wall than to the ventral. 

The experiments carried out by the Japanese investigator. Kata- 
YAMA with birds on which this operation had been performed have 
attracted much attention. He performed the operation on two 
cocks, one of which, however, died immediately after the operation. 
The other coek survived sufficiently long to allow of over 20 experi¬ 
ments — each of one month’s duration — being carried out with it. 
Katayama found that the bird often became constipated, especially 
when the diet was rich in fiber. As a result of the operatjpn the 
peristalsis in the recturn was lessened, so that the bird had diffi- 
culty in defecatiiig. It was therefore necessary to remove the faeces 
which had become lodged three times a day, with the help of a pair 
of blunt forceps. 

Engler tells of similar difficulties and States that only after re- 
peated failures was he able to obtain three birds which lived long 
enough for digestibility experiments to be carried out with them. 
Great demands were made upon those taking care of the birds, and 
the experiments were very tiring for both birds and personnel. 

In 1933, Ma AS succeeded in improving the actual method of ope¬ 
ration, 80 that the birds were rather less troubled by constipation 
afterwards. This method has been used when operating on our re- 
search birds, but the death rate was rather high, only a quarter of 
the birds having lived for more than one month after the operation: 
the cause of death has often been that the rectum has been closed 
by the growth of tissues at the point where the operation took place. 
The performance of digestibility experiments with birds which have 
been operated on as described above is thus accompanied by many 
difficulties, and the method is expensive and takes a long time to 
apply. In addition to this, there is reason to believe that the imna- 
tural condition of the bird and the many sources of irritation have 
an adverse effect on the bird’s ability to digest its food. Digestibility 
(joefficients obtained by this method must, therefore, be judged 
rather critieally. 

In the published literature can be found details of only a relatively 
small number of digestibility experiments which have been carried 
out with birds operated on in the above-mentioned manner. About 
ten investigators have used this method, and they describe experi¬ 
ments involving a total of about twenty birds. 

Both the other methods of solving the problem, i. e., by deter- 
mining the faeeal nitrogen after mechanical or Chemical separation 
from the mixed excreta, have the advantages that the birds are al¬ 
lo wed to live a natural life, and that the experiments become much 
cheaper and require less labour to perform. 
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B. Mechanical separation. 

In 1928, Hellek & Mokkis made an attempt at mechanical re> 
moval of what they called the »white cap» from the excreta. The 
greater part of the uric acid occnrs namely in precipitated form as 
an envelope of white crystalline powder aronnd the lumps of faeces. 
These investigators consider that, by removing this envelope, they 
have succeeded in isolating the pure faecal nitrogen. A considerable 
amount of the urinary nitrogen, however, is in the form of an aqueons 
solution which saturates the faeces, so a purely mechanical separa¬ 
tion of the »white cap» from the faeces can not lead to a quantita- 
tive separation of the urinary nitrogen from the faecal nitrogen. 

C. Chemical separation. 

The third means of approach, namely that of bringing about a 
Chemical separation of the faecal nitrogen from the urinary nitro¬ 
gen, can be based on two different principles. One of these involves 
direct deterrnination of the faecal nitrogen, while the other depends 
on the deterrnination of the total nitrogen in the excreta and the nit¬ 
rogen in the urine, after which the nitrogen in the faeces can be ob- 
tained by subtraetion. The direct Chemical method is based on the 
faet that the greater part of the nitrogenous substances in the faeces 
consists of protein, which under certain conditions can be sepa¬ 
rated by the use of some protein-precipitating reagent. In this me¬ 
thod, however, one comes against the diffieulty of dissolving uric 
acid without attacking protein. Further, the majority of protein- 
precipitating reagents also precipitate uric acid. 

Indirect Chemical deterrnination of faecal nitrogen. 

In view of what has just been said, the majority of investigators 
have chosen the indirect Chemical deterrnination, according to the 
formula: 

Total nitrogen in excreta — Urinary nitrogen = Faecal nitrogen. 

A considerable diffieulty which is encountered in the application 
of this method is that urinary nitrogen is, as has already been men- 
tioned, a heterogeneous mixture of several different Chemical com- 
pounds, which cannot all be estimated at the same time by means 
of a single Chemical analysis. It would naturally take too much time 
to carry out a separate analysis for each compound, so determina- 
tions have usually been made only of one or both of the quantita- 
tively most important — uric acid and ammonia — after which some 
empirical faetor has been used in the caleulation of the total amount 
of nitrogen in the urine. 
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Kalxjgin (1896) was probably the first investigator to attack tbe 
problem in the way just described. He dissolved the uric acid in 
the excreta by boiling with 1.8% potassium hydroxide and, af ter 
filtering, acidified the filtrate with hydrochloric acid and weighed 
the resulting precipitate of uric acid. Other nitrogenous compounds 
in the urine were not determined, the total nitrogen content of the 
urine being estimated with the help of a correction factor. Kalugin 
used the following equation in calculating the undigested nitrogen: 

Total K in excreta — 1.12Ö (N as uric acid) = Faecal 

Using this method, Kalugin obtained a digestibility coefficient of 
56.9 % for the crude protein in wheat during certain feeding trials. 
This coefficient is remarkably low, presumably as a result of too high 
values being obtained for faecal nitrogen, which in turn was due to 
an under-estiraation of the total amount of nitrogen in the urine. 

Von Knieiitem (1900) used a similar method for determining the 
uric a (åd in samples which he investigated. He supplemented the 
method, however, by determining the ammonia as well as the uric 
acid: this he did by distilling the samples with calcium hydroxide. 
Von Knieriem then used the following equation in his calculation 
of the undigested nitrogen: 

Total N in excreta — (N as uric acid 4- N as ammonia) == Faecal K. 

The above formula was also used by Fields and Ford (1900), 
Brown (1904), and 13 artlett (1910). The two latter investigators 
dissolved out the uric acid with piperidine and, aftcr crystallizing it, 
determined the quantity of uric acid present by titration with pi¬ 
peridine or sodium hydroxide. The quantity of ammonia present 
was determined by distillation with magnesium oxide. According 
to the above formula, only uric acid and ammonia are taken into ac- 
count, other nitrogenous compounds in the urine being left out of 
the calculation. In ten experiments, Brown obtained an average 
value of 73 % for the digestibility coefficient of crude protein in oats, 
with individual values varying between 70% and 80%. Although 
these results are more probable tlian Kalugin^s, the method did not 
give satisfactory certainty in the results obtained from it. 

During his investigations in 1924, Katayama made noteworthy 
(*ontributions to the improvement of this method: for these experi¬ 
ments he used two 2-year old cocks. To start with, he carried out 
a series of digestibility experiments in which nine different feeds 
(including wheat, barley, wheat bran, and rice meal) were investi¬ 
gated. This series of experiments was carried out with normal birds 
which, after the experiments were concluded, were operated upon 
in order to introduce an artificial anus: only one of the cocks, how¬ 
ever, survived the operation. The first series of experiments was then 

48 — 48106 Kungl. LanthrukHhögskolans Annaler. Vol. 16 



768 


Per Ekman, Hugo Emanuelson and Albert Fransson 


to precipitate this protein with tannic acid, which differg from other 
protein-precipitating reagents in that it does not precipitate nric 
acid. Lössl obtained very low digegtibility (koefficients, doubtless 
because he was not completely succjessful in dissolving out the uric 
acid, with the result that some of the nitrogen combined as uric 
acid was included in the determination of faecal nitrogen. 

Diako w (1932) pro(*eeded in a similar way, but added a small 
quantity of potassium hydroxide when boiling the excreta so as to 
dissolve the uric acid effectively. In this he was successful, but, at 
the same time, a greater amount of protein went into the filtrate. 
He therefore obtained fairly high digestibility coeffieients — for the 
crude protein in barley and oats the coeffieient varied between 80 % 
and 85%. 

Ohlebnikow et al. (1933) has developed a method for frac- 
tionated analysis of the nitrogenous compounds in excreta. He 
isolates each (kompound, one after the other, and deterrnines the 
quantity of each which is present, and finally deterrnines the re- 
maining undissolved protein. The method of analysis as a whole is 
very laborious, and it is obvious that considerable quantities of 
faecal protein are lost as a result of the repeated treatments. The 
quantity of undigested protein which is ac.counted for is thus ex- 
tremely low, as is shown by the following example of a set of analy- 
lical results: 

Percentago distribution 
of nitrogen in excreta 
(according to Ckhlohnikow). 


N as uric acid 70.1 

N as amrnonia 11.5 

N as urea 7.5 

as (kreatinine 6.2 

N as undigested protein 4.7 


The digestibility coeffieients which are worked out on the basis 
of this method of analysis must, therefore, be very high: thus the 
value obtained for the crude protein in barley is 90.1, and for the 
crude protein in wheat 94.8%. 

Htotz (1931) tried out a new method of approach in his altempts 
to deterniine the undigested nitrogen compounds in excreta: the main 
principle of his method was the oxidation of uric acid in order to 
make it soluble. The excreta was boiled with dilute nitric acid, with 
the result that the uric acid was oxidised and broken down into 
easily soluble compounds, aUoxan and parabanic acid in particular: 
a considerable quantity of faecal protein is, however, dissolved in 
the course of this treatment, but the majority of it can nevertheless 
be recovered by precipitation with phosphotungstic acid. According 
to Petees (1933), however, this precipitation of dissolved protein 
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requires repeated concentration, precipitation, filtration and wash- 
ing, which make the method very long-winded and laborious. The 
total nitrogen not dissolved by boiling, together with that reeovered 
by precipitating with phosphotungstk» acid is taken as the faecal 
nitrogen. 

By rneans of comparative analyses of faeces obtained from birds 
with artificial anus, Stotz investigated how large a proportion of 
the faecal nitrogen could be determined by his method, and found 
that, on the average, 90 % of the total nitrogen in the faeces could 
be reeovered — the variation about this average was from 86.0 % to 
95.5%. After feeding with wheat, the recovery was 90.0%, and 
after feeding with barley, 93.5% could be accounted for. In the ex¬ 
perimental results which he published in 1931, 8totz worked out a 
correetion faetor on the basis of these results, so tliat the correeted 
value would c.orrespond with the total nitrogen aetually present in 
the faeces. However, in an account of his continued investigations 
which he publislied iii 1933, Stotz expressed fresh views — he no 
longer took into account any correetion faetor, but based his calcu- 
lations on the quantity of nitrogen which he aetually found in his 
analyses. Tn justifying this new point of view, he pohits out — among 
other things — that the quantity of non-precipitable nitrogen which 
is not of protein nature varies so much that any correetion faetor 
would be uneertain. FIc considers that the reason for his finding so 
much (on the average 10%) non-precipitabh^ nitrogen (amide nitro¬ 
gen) in the faeces from birds wdth artificial anus is tlie unnatural 
way in which they defecate. 

Several digestibility experiments whi(*li lie and his collaborators 
ha ve carried out (Stotz 1931 and 1933, Peteiis 1933, Stotz & 
Briiggeman 1933, Mangold & Stotz 1935) have been built up on 
the dire(‘.t method of Chemical analysis which Stotz developed for 
determiiiing the faecal iirotcin in exereta. 


B. Siatistical comparison of digestibility coetficients. 

In view of the faet that many different methods have been used 
in the determination of undigested nitrogen in bird droppings and 
on account of the inherent difficulties and sources of error in tlio ex- 
perirnental methods, it is only to be expeeted that the digestibility 
coefficients obtained for crude protein in different experiments will 
show a fairly large variation (see Table 1), and that the standard 
deviation here will be wider than is the case with other types of do- 
mestic livestock. 

In order to ascertain the State of affairs in this connection, w^e 
have studied the data concerning digestibility coefficients which 
has been collected and indexed by the Institute of Animal Nutrition. 
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Table 1. Digestibility coeffidents of crude protein uccording io dif- 

ferent investigators. 


Method and author 

Year 

Number 
of ani> 
mala 

Ty 

Barley 

li^ 

»eding 8 

Maize 

tuff 

Rye 

Artificial anm: 







Paraschtschuk. 

1902 

4 



83.4 


Lehmann. 

1904 

— 


77.1 


69.3 

Völtz & Yakuwa. 

1909 

2 




63.0 

Szalagyi & Kriwuscha. 

1918 

4 



85.0 


Katayama. 

1924 

1 

75.1 

80.0 



Engler. 

1933 

3 



73.4 


Maas. 

1933 

2 


71.6 


71.3 

Jndirect Chemical method: 







Kalugin. 

1896 

2 

79.2 

56.9 



von Knieriem. 

1900 

3 

75.4 




Brown. 

1904 

10 

j 

77.4 

83.9 


Bartlett. 

1910 

— 


73.0 

71.7 


Katayama. 

1924 

2 

75.8 

78.4 



Halnan. 

1926 

6 

65.8 

88.0 



Engler.1 

1933 

2 



74.2 


Direct Chemical method: 







Lössl. 

1924 

— 

18.4 

35.3 

24.0 


Diakow. 

1932 

4 

83.1 




Chlebnikow. 

1933 

— 

90.1 

94.5 

94.8 

96.4 

Stotz . 

1931 

— 

79.2 

85.7 



Peters. 

1933 

4 

76.0 

84.6 

87.1 

69.9 

Stotz Sl Bruggemann. 

1933 

8 

70.9 

78.6 

81.0 


Mangold & 8totz. 

1935 

14 

67.3 





In sorting out this material, we have only included experiments 
carried out with feeding stuffs which hav© similar fiber and protein 
contents. Similar preparation of the food was also made a eondi- 
tion for the inclusion of any experimental results. As a result of 
this selection, the material available for comparative purposes is 
rather limited, but the standard deviations in digestibility coeffi- 
cients for crude protein which have been calculated show neverthe- 
less a clear tendency to greater variation in the case of poultry than 
in the case of pigs and ruminants. A comparison between the stan¬ 
dard deviation in digestibility coefficients for protein and for orga- 
nic matter shows that, in the case of experiments with poultry, the 
calculation of the digestibility of protein was encumbered by greater 
sources of error than was the calculation of the digestibility of orga- 
nic matter (see Table 2). 
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Table 2. Standard deviation^ a, in digestibility coefficients of crude 
protein and organic matter. 




Poultry 


Pigs 

i _ _ 

1 Ruminaiits 

Feedmg Htuff 

Num- 

Pro- 

Org. 

Num- 

Pro- 

Org. 

1 Num- 

Pro- 

Org. 


bor of 

toin 

mattor 

bor of 

tein 

mattor 

] bor of 

tciu 

mattor 


cooff. 

o 

o 

cooff. 

1 

a 

O 

1 cooff. 

o 

<J 

Wheat. 

15 

8.48 

2.22 

1 






Oats.i 

12 

8.59 

3.12 

! 5 

6.77 

6.34 

* 

3.99 

2.32 

Maize. 

14 

7.04 

2.14 i 

8 

2.91 

3.40 

4 

6.72 

6.36 

Barloy. 

6 

7.20 

2.48 

17 

3.28 

2.72 

! 

1 

4.38 

3.02 

Wheat bran . 

4 

13.40 

3.65 ! 

1: 3 

4.37 

14.70 


4.98 

16.40 

Wheat feed.. 



1 

! i 



1 6 

3.29 

3.47 

Linsed cake . * 

5 

8.16 

4.29 i 




1 4 

2.24 


(^od meal . .. 

4 

5.20 


S 4 

3.60 

1.41 

: 7 

1.93 

1.60 

Herring meal 


1.58 

2.37 

i 1 



1 

3.07 

3.53 


E. Review of earlier methods* 

When siirveying thc metliods which have hitherto been suggested 
for deterniination of faecal nitrogen in bird droppings, one finds that 
every method seenis to be subjeot to some fundamental drawback. 

It is not lilcely that the purely mechanical separation method can 
be (*,arried out sufficiently accurately to allow of quantitative results 
being obtained. 

The method involving the introduction into the bird of an artificial 
anus is very troublesome, costly, and subjects the birds to great 
strains. 

In the indirect Chemical method of determination, the urinary 
nitrogen is subtracted from the total nitrogen in the droppings, so 
that the quantity of faecal nitrogen is obtained as a difference be- 
tween two values, both of wliich are several times greater than the 
difference between them. Under such circumstances, an indirect 
analysis will in most cases be uncertain, as every small error in ana¬ 
lysis will be considerably magnified in the final result. In this parti- 
cular (*ase, substantially greater uncertainty lies in the unavoidable 
empirical factors used in calculating the urinary nitrogen. When, 
for example, even the average factor calculated by St. John and 
others is about 10 % higher than that calculated by Katayama, it 
is obvious that the individual divergences from the factor must 
often be considerably greater. In view of the fact that the amount of 
urinary nitrogen is, on the average, three times as large as the amount 
of faecal nitrogen and can at times be six or seven times as large, the 
analysis by differences can here lead to errors in the value obtained 
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for faecal nitrogen which often exceed 30 %, and whicli are sometimes 
as large as 100%! 

A method involving direct Chemical analysis must therefore be 
preferable, even if the errors involved are of the order of 10 to 20 %. 
Another advantage with the direct method is that only one or two 
analyses are required, compared with at least three with the indirect 
method. The method of direct analysis developed by Stotz and 
Petees seerns to be definitely the best of those so far described: it 
has nevertheless the drawback that it is very laborious and there¬ 
fore hardly suitable for rontine analyses on a large scale. 

The need for a new and simpler method. 

After this survey of different methods of determining faecal nitro¬ 
gen — during which those methods which appeared to be best were 
also tried ont experiment ally — wc found that there existed here a 
definite need for a new and simpler, but at. the same time reliable, 
method of direct Chemical analysis. We have therefore attempted 
to Work out such a method, and wish now to give a description of 
the new method (Ekman 1945 & 1948) and the first experimental 
tests carried out on it. 


IV. The new analytical method. 

A. Basic outline of the new analytical method. 

Our aim was to try to develop a method of direct Chemical analysis 
for the determination of the faecal nitrogen in mixed, riatiiral drop- 
pings from poultry. As by far the greater part of the undigested 
nitrogen compounds in the excreta consists of »true protein», the 
problem can be expressed — from the (»hemical point of view — as 
that of determining the content of true protein in samples contain- 
ing an excess of uric acid. 

The first step must then be to bring the urinary nitrogen com- 
poxmds, including uric acid, into solution. This can, as has already 
been mentioned, be brought about either by a large volume of hot 
water, or by a smaller volume of water to which alkali has been 
added. Both these treatrnents, however, lead to a considerable 
quantity of faecal protein being dissolved, and common protein- 
precipitating reagents can not then be used, as they also precipitate 
uric acid. 

We therefore attempted to solve the problem according to the fol- 
lowing scheme: 

1. Oxidation of the uric acid to break-down products with grea¬ 
ter solubility. This process should be carried out without boiling, in 
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almost neutral solution, and with only a small excess of oxidizing 
agent, so that the urinary protein is attacked as little as possible. 

2. Precipitation of »true protein» with a suitable reagent, which 
does not at the same time precipitate the break-down products 
formed from uric acid. 

3. Filtering off the precipitate and washing it free from soluble 
nitrogen compounds. 

4. IJetermination of total nitrogen in the precipitate, i. e., the 
true protein nitrogen. 


B. Material for the investigations. 

The supplies of pure faec-es and urine whicih were required for the 
development of a iiew method were obtaincd from birds which had 
been operated upon in order to introduce an artificial anus: niost of 
these operations were carricd out by Dr. Sperber of the Institute of 
Animal Physiology. The birds were then eared for and fed at the 
National Animal Experiment Htation, and the analytical work we 
carried out at the Chemical Institute of the Koyal Agri(*ultural 
College. 

The urine was collected continuously in a small rubber bag which 
was attached under the cloaca, while the faeces were allowed to fall 
direct on to the metal Iray which constituted the floor of the hen 
coop. The samples of excreta were collected twice daily, and were 
then dried at a temperature of 60° C in a drying oven equipped with 
a fan, and then finely ground. The urine after drying was power- 
fully hygrosc.opic. A separate investigation, which is referred to 
below, showed that the process of drying did not cause any losses of 
nitrogen from the faeces (see Chap. IV (x). Urine, on the other hand, 
contains more nitrogen in the form of ammonia, and loses some of 
this during drying: this loss, however, lacks significance in this 
cnnnection, as the problem is to determine only the »undigested» 
nitrogen, The losses of nitrogen mentioned above can be avoided 
without difficulty, however, if the samples are moistened with a 
little acid — oxalic acid is suitable for this — before drying 
(Dtakow, 1932). 

It was X)ossible to obtain appreciable quantities of both urine and 
faeces from only three hens: the dried samples of this urine and 
faeces contained the following amounts of total nitrogen: 


Hen number i 

2 

3 


N in faeces, as a %go of total dry mattor .. 

2.60 

2.39 

1.52 

N in urine, as a %ge of total dry matter ... 

21.80 


23.50 
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C. Preliminary Investigations. 

In order to oxidiae pure uric acid, trials were made of treatment 
with hydrogen peroxide, nitric acid, iodine, bromine, and potassium 
permanganate at different temperatures and in Solutions of varying 
acidity. Potassium permanganate was the oxidizing agent which 
best satisfied the requirements set down. 

It was found possible to dissolve 1 millimole of pure erystallized 
uric acid (= 168 mgm, containing 56 mgm nitrogen) in half an hour 
with continual stirring in an aqueous solution containing 1 millimole 
of potassium permanganate and a buffer with pH about 8, at a 
temperature of 50'* C. The first reaction which takes place is that the 
uric acid is partially neutralized and goes into solution as urate ions. 
This dissolving process is quickened by the fact that the urate ions 
thus formed are successively used up through oxidation, mainly to 
allantoin and uroxanic acid. These break-down products have a 
very high solubility in water, so the reaction is not appreciably 
slowed down by the end products. 

Solution takes place best at a pH o ver 7, and considerably more 
slowly at a pH between 4 and 7, when the dissociation into free urate 
ions is retarded by the higher concentration of hydrogen ions (hydro- 
xonium ions): the solution should thus be buffered slightly over the 
neutral point. Break-down of the uric acid can be brought about also 
in strongly acid solution (Stotz 1933), but more powerful oxidation 
is then necessary, other end products are formed, and the faecal 
protein will be attacked to a greater extent. (See Chapter II C.) 
Some faecal protein goes into solution when treated with water 
alone and considerable more in strongly acid or in alkaline solution, 
so it is necessary to use some protein-precipitating reagent for the 
foilowing determination of the content of true protein. The usual 
»Barnstein-Stutzer» method for determination of true protein with 
copper hydroxide could not be used, as it was apparent that allan¬ 
toin was also precipitated by this method. Vandsak^s tannic acid 
method, phosphotungstic acid, lead acetate, and uranyl acetate 
were all tried, and it was found that the last-mentioned reagent 
gave the highest yield of true protein from the solution. 

After further preliminary investigations, the foilowing method of 
analysis was established: 


D. Performance of the analysis. 

One gram of dried, finely ground droppings are weighed into a 
250 ml glass beaker and wetted with a few ml ethanol to aid disper- 
sion. To this is added 50 ml distilled water, 40 ml of a buffer solu¬ 
tion with a pH about 8.0 (1 mole = 61.8 gm boric acid + 0.1 mole = 
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Total nitrogeii as a %ge of the dry matter in the excreta. 


Total nitrogen. 

N as true protein Faecal nitrogen... 
Urinary nitrogen (by difference). 


Nltrocen content of excreta 


as a %ge of the dry 
matter in the excreta 
Averagc Variation 
4.H 2.1—9.9 

1.3 0.6--2.5 

3.5 1.4—8.6 


as a %RC of the total 
nitrogen iu the exereta 

Average 

Vanation 

27 

12—44 

73 

56—88 


It is apparent from Fig. 2 that a high total nitrogen content is accompanied 
by a high content of urinary nitrogen. A minimum value for the digestibility 

^ ... . , , , . , Urinary nitrogen in excreta 

of protein in the fodder is given by the ratio ^ . 

Total nitrogen in excreta 


Fig. 2. (V^mposition of 77 sarnples of excreta from digestibility experiments. 


4.0 sodium liydroxide per liter, i. e., 4 milliequivalents of Is'a per 
sample), and sufficient 0.1 M potassium permaiiganate solution 
(15.8 per liter) to provide about 2 rnl for every 10 mgni total 
nitrogen in the sample — generally about 10 ml. The beaker is then 
placed in a water bath at a temperature of 50" C ± 0.5" C and stirred 
mechanically for 35 minutes. Immediately after this, 4 millimoles 
of uranyl acetate (25 ml of a 0.16 M solution — 68 gm crystalline 
uranyl acetate per liter) is added and the sample is boiled up and 
left overnight to cool and allow the predpitate to sett le. The next 
day the sample is filtered through a »rapid» filter paper (MunktelPs 
OOR, 15 cm), and the residue is washed with 250 ml of 1 % uranyl 
acetate solution at room temperature. The predpitate is usually 
well flocculated, so the processes of filtering and washing are quickly 
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eompleted. The filter paper with residue are then transferred to a 
500 ml Kjeldahl flask and digested with sulphuric acid and potas- 
sium sulphate, using copper as a catalyst, after which the nitrogen 
content is determined in the usual way, preferably with boric acid 
in the receiver of the distillation apparatus. 

The quantity of potassium permanganate added must be such 
that all uric acid is quantitatively oxidized, but there must not be 
sufficient excess of permanganate to seriously attack the faecal 
protein. These two rcquirements will be fairly well satisfied if the 
variable quantity — 0.2 millimole for evcry ten grams of total 
nitrogen — of permanganate prescribed above is used. Tf the content 
of total nitrogen is low, it follows that the content of uric acid must 
also be low: on the other hand, it is apparent both from data in the 
available literature and from our own experiments that excreta 
which is rich in nitrogen always has a high uric acid content (see 
Fig. 2). It is thus obvious that the larger quantity of permanganate 
which is added when the excreta is rich in nitrogen is mostly used 
up in oxidizing the uric acid, so that it does not lead to any major 
excess of oxidizing agent. 

The excreta should not be treated in neutral or alkaline solution 
longer than is necessary to dissol ve the uric acid, so an excess of 
uranyl acetate (about 0.004 M) is added immediately this process is 
eompleted. This reduces the pH of the mixture to about 5, i. e., to 
the vicinity of the isoelectric point for most commori proteins. Tt 
is important that the buffering system used when dissolving the uric 
acid is chosen so that it does not impede the redu(*tion of the pH, 
which is necessary for the continuation of the analysis. During the 
boiling whicli follows, the protein is precipitated — mainly in (Jom- 
bination with uranium — and, as a result of hydrolysis, a great deal 
of the excess uranium is also i)recipitated in a flocculent state, which 
facilitates the filtering. 


E. ^Amides» in the faeces and »true protein» in urine. 

The quantity of nitrogen determined in the precipitate in the 
above analysis gives a direct indication of the amount of true protein 
present in the sample. In fresh droppings and in samples which have 
been dried quickly from the fresh state, by far the greater propor¬ 
tion of the faecal nitrogen is usually combined in the form of true 
protein. If, on the other hand, the excreta is stored in the moist 
State, some of the protein is exposed to biological and Chemical 
decomposition to amino-acids and other non-precipitable nitrogen 
compounds (»amides»). This breakdown is a direct continuation of 
the digestion of protein in the bird’s digestive traet, even though it 
takes place with diminishing intensity and in a somewhat different 
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manner. When the food remains reach the cloaca, absorption of 
nutritive substances ceases, but the breakdown of protein continues: 
this means that even newly-excreted faeces must contain some 
»amides», although they inay have been completely absent in the 
feedingstuff. From urine-free samples of faeces which were analysed 
according to the method suggested, an average of about 90% of the 
total nitrogen was recovered as true protein nitrogen: the remainder, 
or about 10%, can therefore be regarded as soluble »amide nitrogen». 
When considered in relation to the total nitrogen eontent of the mixed 
droppings, this faecal amide nitrogen a<iCount8 for only two to three 
percent. These values are in close agreement "with those given by 
other investigators. 

When the above-mentioned method of analysis was applied to 
pure crystallized uri(‘- aeid and other substances in urine, these sub¬ 
stances went completely into solution and gave no precipitate with 
uranyl acetate. When analysing pure urine from different hens, 
however, a small precipitate of »true protein» was always obtained. 
Most of this was probably of endogenous origin, and was made up, 
at least ])artly, of ex)ithelial cells which could have come from the 
urethra, cloaca, or ovidiict. Not much attention has been paid to 
this urinary j)rotein substance in the available literature: it is possible 
that it has — with a certain degree of justification — been filtered 
off as impurity. Anoth(‘r possibility is that it has been lost (gone 
into solution) as a result of the commonly applied and rather more 
drastic metliods of bringing uric acid into solution, or perhaps it 
has simply been overlooked because of the small quantity which 
is present. 

In the material available for analysis, this precipitable nitrogen 
constituted about 3% of the total nitrogen in the urine, and thus 
about 2 % of tlie total nitrogen eontent of the mixed exereta. When 
normal exereta is analysed ac-cording to the method described here, 
iherefore, the precipitat<» of protein contains — in addition to the 
true protein from the fae(‘-es — this minor quantity of true protein 
from the urine. This addition of »foreign» nitrogen, however, is so 
small that, for practi(;al purposes, it can be ignored: it is neverthe- 
less of the same magnitude as the eontent of soluble »amide nitro¬ 
gen» in the faeces, which is not precipitated together with the true 
protein. Each of these fraetions seems usually to make up about 
two percent of the total nitrogen present in the mix ed exereta, so 
they compensate one another fairly well. This means that the value 
obtained direct from the analysis usually corresponds more closely 
to the »crude» rather than to the »true» protein in the faeces. 

It would therefore appear unnecessary to apply any correelion to 
the value obtained from this method of analysis in order to find the 
eontent of crude protein in the exereta as distinet from the eontent 
of true protein, at least in the majority of digestibility experiments 
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with the common poultry feedingstuffs, in which a high content of 
undigestible amides is very rare. 

The figures given above can naturally vary considerably in in- 
dividual cases, but the quantities involved are as a rule both abso- 
lutely and relatively so small that the variations play a fairly in- 
significant part and can only have a very slight influence on the 
digestibility coefficients which are calcnlated. 

The experimental material — pure faeces and urine — on which 
these conclusions are based is admittedly of rather limited propor¬ 
tions, having been obtained from eight hens which were operated 
upon in connection with the present investigation and which were 
fed (»n ordinary poultry feedingstuffs. This nuraber of birds is ne- 
vertheless greater than that on which most earlier methods and em- 
pirical faetors have been based. To this can be added the faet — 
which is further diseussed below — that the reproducibility is ob- 
viously considerably better in the case of deterrninations made ac- 
cording to the method of analysis suggested here. This method ought 
therefore — despite its simplicity and quickness — to make it pos- 
sible to determine the ability of poultry to digest protein with a 
much greater degree of certainty than has hitherto been possible. 

When experiments are to be carried out with feedingstuffs com- 
paratively rich in undigestible amides, it is only natural that the 
amide content of the faeces will exceed the normal value: in these 
cases the new method of analysis is most suitable for deterrnining 
the digestibility of the true protein, as with 8U(h feeding the true 
protein nitrogen in the exereta can not be considered as a direotly 
acceptable expression of the total amount of nitrogen in the faeces. 
It is however possible that the total faecal nitrogen can be calculated 
in such cases by using a correction faetor which varies according to 
the quantity of undigestible amides present in the feedingstuff. 

In order to obtain a wider knowledge of the amount of »true pro¬ 
tein» in the urine and of »amides» in the faeces, the authors hope to 
have access to a larger quantity of pure urine and faeces resulting 
from feeding on different diets for their continued analyses, 

F. Reproducibility. 

In order to throw light on the reproducibility of the method and 
the possibility of using it to separate the true protein from the urine, 
the following parallel analyses are put forward; the figures give the 
amount of true protein nitrogen (in milligrams) which was found per 
gram of dried, urine-free faeces: 

23.1; 23.0; 23.0; 23.0; 23.3; 22.8; — average 23.0 ± 0,07. 

For each gram of this sample of exereta was added 200 mgm of 
dried urine which contained — according to analysis — 0.36% 
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nitrogen as true protein, i. e., 0.7 mgm. Parallel analyses carried 
ont on this mixture gave the following quantities of true protein 
nitrogen (in mgm per gm of sample): 

23.3; 24.2; 23.6; 23.8; 23.7; 23.8; — average 23.7 ± 0.12. 

The analysis thus showed exactly the calculated increase in the 
amoiint of true protein, while the large addition of uric acid and so- 
luble nitrogen compounds in urine went completely into solution and 
could be separated from the faecal protein. 

It is apparent that the mean error in the last series of analyses is 
larger than in the first. This is almost ccrtainly due to the fact that 
the urine is hygroscopic, thus making it more difficult to weigh out 
a homogeneous sample. 8uch a diffieulty has not been experienced 
with natural samples of dried, mixod exereta. 

To further establish the reprodueibility of the values obtained, a 
statistical investigation has been made of the first 78 parallel ana¬ 
lyses of material from digestibility trials. The working error calcu¬ 
lated from this investigation was on the average only 1.04%. 

G. Investigation of possible losses of nitrogen in drying 

bird faeces. 

Fresh, newly excreted faeces from hens with artificnal anus was 
(iollected over a period of two weeks and stored in the moist State 
in glass jars with <*lo8e-fitting covers in a refrigerator. After mixing, 
samples of three to four grams for analysis were weighed out on thin 
copper sheet bent into the form of small troughs. In this way the 
faeces could be conveniently weighed, dried, and transferred to 
Kjeldahl fläsks, in which the copper sheet acted as catalyst during 
the digestion preparatory to determination of the nitrogen. Three 
samples were weighed for determination of the dry matter (jontent, 
after which their nitrogen content was also determined. In three 
other sami)le8, the nitrogen content was determined direct in the 
moist State, the dry matter content of these samples being taken as 
the average of that determined for the first three samples. The fol¬ 
lowing results were obtained: 


Sample 

No. 

Peroentage 
dry mattor 

Total nitrogen, as u jiercentago ! Average and 

of dry matter j mean error 

1 

27.6 

1 

Determination of nitrogen in dried sample ! 

2.02 i 

2 

27.8 

1.96 i 

3 

27.7 

2.00 i 1.99 + 0.02 

4 

(27.7) 

Determination of nitrogen in freah Bample ! 

1.08 1 

5 

» 

1.90 ! 

6 

» 

2.13 i 2.00 + 0.07 
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It can be seen that the deviation in the values is rather large, 
which shows the difficulty of extracting representative small samples 
from fresh material which is so heterogeneous. These results oan, 
however, be taken as jnstifying the conclnsion that the losses of 
nitrogen which might have occurred during drying were rather in- 
significant. 

As the faeces in question had been stored in the moist State for a 
fairly long period, the true protein present must have undergone 
appreciable decomposition to amino-acids and other »amides». This 
was also shown by the results of a special analysis, in which it was 
found that as much as 38 % of the total nitrogen consisted of amide 
nitrogen. Despite this, however, drying had not brought about any 
definitely demonstrable losses of nitrogen from the faeces. On the 
other hand, urine, which contains more nitrogen as ammonia — can 
lose some of this during drying (see Ohap. IV D). 

Thus, Tscherniak (1948) found, that mixed droppings after a 
week’s wct storage could loose more than 25 per cent of the original 
nitrogen content in drying. If, however, the droppings were dried 
after only a day’8 wet storage, the loss of nitrogen was insignificant, 
or less than 0.2 per cent of the total content. 


H. The endogenous nitrogen. 

MacDonalt) and Bose (1944) have made some investigations 
into the amount of endogenous nitrogen present in j)oultry droppings: 
they worked with nine birds, which were fed on a nitrogen-free diet. 
The composition of the diet was as follows: Potato starch 90%, 
Fish liver oil 5 %> and mineral supplement 5 %: the nitrogen content 
of this mixture was 0.02 %. The faecal nitrogen was determinod by 
the indirect Chemical method, determinations being made of the 
quantity of nitrogen present as uric acid and as ammonia, after 
which the abo ve mentioned formula of St. John et al. was applied: 

Total 5^ in excreta —1.25 (N as uric acid+I?? as ammonia) = 
Faecal 

The value thus obtained for the quantity of faecal nitrogen pre¬ 
sent — i. c., the quantity of endogenous nitrogen in the faeces — 
was, on the average, 143 mgm per bird per day, the variation being 
betwecn 44 and 230 mgm. 

The same investigators also carried out a number of digestibility 
trials with, among other substances, groundnut meal and soyabean 
meal, the undigested nitrogen being determined by the above- 
mentioned indirect Chemical method. The digestibiUty coefficients 
were calculated first according to the normal method — the value 
obtained being called the apparent digestibility coefficient — and 
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then by taking into account a correction for the endogenous nitro- 
gea, the value then obtained being called the true digestibility coef- 
ficient: 

in food — in faeces _ Appare nt digestibility coeffi cient 
N in food 100 

K in food—(N in faoccs — Endogenous N) __ 
in food 

_ True digestibility eoefficient 

__ 

In these digestibility trials the nitrogen content of the diet was 
kept constant at 750 nigm per bird per day. Mne trials were carried 
out, one with each bird, and the following digestibility coefficients 
were obtained: 


Digestibility coefficients according to MacDonald and Bose. 



! Truo 

iligpstibihty 1 

Apparont 

fligostibility 


i csoofficjumt 1 

cwfficiont 


1 .Averaj?c 

i Vanatioii j 

Avi‘raKe 

1 Variation 

Groundnut moal . . . . 

i 

. 1 8;t.(( 

! 73.2-96.3 : 

64.6 

1 

' 60.0 -70.4 

Soyaboan rnoal ... . 

. i 85,4 

1 70.3—95.7 

66.3 

57.1-72.2 


These investigators have foiind remarkably varying quantities 
of endogenous nitrogen, and it is unfortunatc that the amount of 
food consurned lias not been given. It is possible that changes in 
the amount of food given have helped to bring about these varia¬ 
tions in tlie quantity of endogenous nitrogen. The values obtained 
for the digestibility eoefficients also vary e.onsiderabJy, and tliose for 
the apparent digestibility coefficient. seeni to be abnornially low. 
The trials appear to have been carefully carried out, and the sur- 
prising irregularity of the results is certainly largely due to the un- 
certainty of the indirect inethod of analysis and the aceoinpanying 
correction faetor 1.25 (seo C'hapter lil E). 

We have carried out some trials, using our direct metliod of ana¬ 
lysis, to deterniine the quantity of endogenous nitrogen which is 
present in poultry droppings. By analysing samples of urine-free 
faeces from two birds wit.h artificial anus, it was found that 91 and 
92% respetdively of the total nitrogen in the faeces consisted of 
protein nitrogen, even when the birds were fed on a nitrogen-free 
diet. The greater part of the endogenous nitrogen in faeces is thus 
in the form of true protein, so it is reasonable to assume that our 
suggested method of analysis is quite suitable for determining the 

49 — 48106 Kungl. Lantbriikfihögskolana Annaler. Vol. 16 
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endogenous nitrogen in faeces, by determining the content of true 
protein in the mixed droppings from birds fed on nitrogen-free diet. 

When this method is used in connection with ordinary digesti- 
bility trials, the endogenous nitrogen will, because of its protein 
nature, be determined together with other true protein nitrogen 
(faecal nitrogen): the state of affairs here will thus be analogous to 
that in the case of digestibility trials with other domestic animals. 

For investigations concerning the endogenous nitrogen we have 
used four birds, of which two were operated upon after they had 
been fed with the trial diet for a short time. This diet had the same 
composition as that used by MacDonald and Bose. Certain ob¬ 
servations were made during an initial trial period with three nor¬ 
mal birds, and it was found that the birds were reluctant to consume 
the diet: it was thus sometiines necessary to resort to forced feeding. 
After a five-day preliminary period to ensure that excreta from 
previous diets was driven out, the droppings were collected over a 
period of four days. The following results were obtained from the 
analysis: 


Nitrogen content of the excreta when feeding a nitrogen-free diet. 



H(3n iiumbor 


1316 

1943 

1956 

Total nitrogen, as %go of dry mattor. 

1.07 

0.82 

0.77 

Trne protein nitrogen, as %go of dry matter 

0.31 1 

0.32 

0.32 


After a recovery period on normal diet, birds 1310 and 1950 were 
operated on to introduce an artifieial anus, and the whole trial was 
repeated with these birds, together with No. 1943 and a fourth hen, 
No. 1942, which were not operated on. In these trials a known 
quantity of chromic oxide was rnixed with the food as an indi(^ator 
so that the amount of endogenous nitrogen found (iould be related 
to the amount of food consumed. The indicator was mixed in the 
proportion of 1.00 gm of macaroni containing chromic oxide per 100 
gm food, which corresponded to 565 mgm food dry matter per mgm 
chromic oxide. 

The urine-free faeces and the mixed droppings were analysed to 
determinc the amounts of total nitrogen, protein nitrogen, and 
chromium present, after which the amount of endogenous nitrogen 
per gram of dry matter consumed could be calculated. From the 
average amount of food consumed per day, the amount of endo¬ 
genous nitrogen per bird per day has also been calculated. The re¬ 
sults of the trial have been set out in Table 3. 
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Table 3. Endogenous niirogen in faeces when feeding on 
nitrogen-free diet. 


Hen 

No. 

As a %ge of dry 
matter in faeces 

As a %go of dry 
matter in excreta 

Food con¬ 
sumed, gm 
dry matter 
per day 

Endogenous nitrogen, 
mgrn 

Total N 
(== Eiido- 
genous N) 

Protein 

N 

Total N 

Protein N 
(== Endo¬ 
genous N) 

per gm dry 
matter in 
food 

per bird 
por day 



Birdfl with artificial anus 



1316 1 

0.26 

0.24 

— 

— 

34.3 

2.35 

81 

19Ö6 1 

0.22 

0.20 

— 

— 

4L.5 

2.19 

91 




Normal birds 




1942 1 



1.02 

0.39 

49.3 

2.40 1 

118 

1943 1 



1.06 

0.33 

42.2 

2.41 1 

102 


In tlie case of bens 1942 and 1943 which did not have artificial 
anus, the amount of true protein nitrogen in the excreta has been 
accepted as an expression of the total nitrogen in the faeces. It is 
nevertheless obvious that the value obtained from these birds for 
the endogenous nitrogen in the faeces is somewhat higher than that 
obtained from hens 1316 and 1956, in whieh case the total nitrogen 
was determined direct in urine-free faeces. The soluble amides in 
faeces, which are not included in the deterniination of true protein, 
have thus beeu arnply compensated for — no doubt by true pro¬ 
tein in the urine (as in earlier cases, see Chap. IV D). 

From the trials described above it is apparent that the endogenous 
fraction in faeces is fairly large. It is howcver probable that the 
values obtained here for the amount of endogenous nitrogen in the 
faeces per gram of food consumed are not universally applicable. 
The composition of the food must have a certain influence, and it is 
reasonable to expect that when the food consumption increases, the 
amount of endogenous nitrogen per unit of food consumed will 
decrease. 


V. Concluding remarks. 

During the last few years the new method of analysis has been 
used in more than a hundred digestibility trials which have been 
carried out at the National Aninial Experiment Station. The trials 
have included several common feedingstuffs and have been per¬ 
formed as group trials with hens, turkeys, and geese. The time taken 
for each trial has been divided up into two or more periods. The 
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agreement between parallel analyses which were carried out, be- 
tween trial periods, and between different trials with the same 
feedingstuff bas, on the whole, been very good. The results from some 
of these trials have already been published by Olsson & Kihlén 
(1948), and fnrther trial reports will be issued in the near future. 

We have great pleasure in expressing our sincere thanks firstly to 
Prof. Nils Olsson, Head of the National Animal Experiment Station 
for his stimulating interest in our work and his readiness in placing 
experimental material and other resources at our disposal. Our 
thanks also go out to Dr. Ivar Sperber who performed the necessary 
operations on several hens, and to Assistant Carl Wadne for his 
knowledgeable and patient care and feeding of the trial birds. We 
wish also to thank Prof. Joel Axelsson and Prof. Olof Svanberg 
who willingly granted us the use of archieve and laboratory equip- 
ment in their departments for our analytical work. Finally we also 
thank Mr George Lindsey for the translation in Englisli. 


VI. Summary. 

The most-used Chemical methods for determining the faecal nitro- 
gen in bird droppings are indirect, i. e., the arnounts of total nitro- 
gen present are determined, and the content of faecal nitrogen is 
calculated as the difference between these two. As the methods for 
determining urinary nilrogen are uncertain and the faecal nitrogen 
constitutes the smaller part of the total nitrogen, this nieans of 
approach is not satisfactory. In addition one is forced in the calcu- 
lations to use empirical factors which are subject to large errors, 
and the process of analysis by difference leads to considerablc magni- 
fication of the errors in the final result. 

It seems better to attempt to make a direct determination of the 
amount of true protein nitrogen present in the droppings, as this 
amount is usually in elose agreement with the amount of faecal 
nitrogen. The greatest difficulty connected with this method is 
to bring the uric acid into solut.ion without at the same time break- 
ing down the protein substances. In the direct method which Stotz 
suggested for determining true protein, the uric a(*id is first oxidised 
to easily soluble products by boiling with dilute nitric acid: a fair 
amount of faecal protein is, however, dissolved by this treatment. 
Eecovery of this dissolved protein requires repeated concentration, 
precipitation, filtration, and washing, so the method becomes very 
laborious and expensive. 

The authors have therefore developed a new method which is 
considerably simpler but nevertheless reliable. In order that as 
littlc faecal nitrogen as possible shall be dissolved, the breakdown 
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of the Tiric acid is brought about withont boiling, in nearly neutral 
solution, and with very slight excess of oxidising agent (potassium 
permanganate). After the oxidising agent has been allowed to act 
for half an hour at a temperature of 50® C, the protein is precipi-* 
tated by addition of uranyl acetate; this true protein preoipitate is 
then filtered off and washed and the amount of nitrogen present in 
it is determined. In fresh, newly excreted droppings and in such 
samples as have been dried quickly, by far the greatest part of the 
faecal nitrogen is present as true protein nitrogen. If, on the other 
hand, the excreta is stored in the moist state, some of the protein 
is exposed to biological and Chemical dec^omposition to amino-acids 
and other non-precipitable nitrogen compounds or »amides». A 
small quantity of amides is present in newly excreted faeces, even if 
amides have been completely absent from the food, and also if the 
diet has been completely free from nitrogen. 

In samples of faeces free from urine whieh were analysed according 
to the suggested method, about 90% of the total nitrogen present 
was in the form of true protein. The remainder, i. e., about 10 %, can 
thus be considered as soluble amide-nitrogen, and this constitutes 
only 2 to 3 % of the total nitrogen present in the mixed droppings. 

When the analysis was applied to pure crystallized uric acid, the 
acid was totally dissolved and no precipitate was obtained with 
uranyl acetate. When analysing pure urine from different hens, 
however, a small precipitate of »true protein» was always obtained. 
This precipitate consisted — at least partly — of epithelial cells, 
which could have come from the urethra, cloaca, or oviduct. 

In the material available for analysis this precipitable nitrogen 
accounted for, on the average, about 3 % of the total nitrogen in the 
urine and is thus of rather minor significance in relation to the total 
amount of nitrogen in the mixed droppings. Thus when natural 
excreta is treated according to the method of analysis described 
here, a small quantity of true protein from the urine is obtained 
together with the faecal true protein in the protein precipitate. 

This supplement of »foreign» nitrogen makes up about 2% of the 
total nitrogen in the rnixed droppings, and is thus of the same magni- 
tude as the amount of non-precipitable amide nitrogen in the faeces. 
These two fractions usually compensate one another quite well, 
therefore, and this means that the valiie whnh is obtained dirc^c.t 
from the analysis most often corresponds more closely to the crude 
protein than to the true protein in the faeces. 

It is therefore fairly safe to assume that, in digestibility trials 
with common poultry feeding stuffs — which very seldom contain 
large quantities of undigestible amides —, the value obtained by 
this method of analysis for the true protein content of the droppings 
can be taken without any correction as the crude protein content 
of the faeces. 
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The purity of potato stocks and the distribution 
of potato varieties in Sweden 1937—1943. 

By HUGO OSVALD and N. O. HAGBERTH. 

From the Inatitute of Plant Huahandry, 


One of the main factors responsible for the comparatively low 
yield per acre of potato in Sweden and for the rather inferior table 
quality of the potato grown in many parts of this (*.ountry is the im- 
purity of potato stocks in most districts. Many varieties are grown 
under incorrect names, and very often the stocks consist of mixtures 
containing two, three, four or even more varieties. Pifteen years ago 
Hellbo (1934) collected altogether 60 potato samples from farmers 
in Stockholms län, the chief aim being to study the purity of the 
stocks of Early Puritan. He found that out of 34 samples claimed to 
be Early Puritan only sevcn were pure, and out of the total number 
of 60 potato samples only 18 were pure. 

It appears desirable therefore to obtain a more exact knowledge 
of the potato stocks in Sweden. Such a knowledge must be regarded 
as fundamental for the work of improving potato quality and in- 
creasing yields per acre. Further, in order to enable growers to 
corapare new varieties with the varieties they grow thernselves, the 
commonest of these varieties must be included in the potato variety 
experiments. On this account it is indispensable to find out which 
varieties are actually grown in different distric^ts of the country. 

In 1936 the Institute of Plant Husbandry ((-rop Production) of 
the Eoyal Agricultural (lollege started an investigation (applying 
the tuber sampling method) in order to study the purity of potato 
stocks and the distribution of different varieties. This was planned 
as a preliminary investigation, made mainly to provide experience 
for future work on a larger scale, and was, therefore restricted to 
Uppsala län. Altogether 158 samples, each containing 10 tubers 
were collected from farmers and planted at Ultuna. The resiilts of 
the examination were as follows (Obvalt) and Bergström 1938). 

The most common varieties were: Evergood, Up to date, Marius, 
Magnum Bonum, (lloria, Ella, Birgitta, Harbinger and Early Pu¬ 
ritan. Pifteen varieties were identified, and, in addition, 40 old var- 
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ieties which could not be identified were obtained. Some varieties, 
to wit Up-to-date, Harbinger and American White, were rarely or 
never found in pure samples but very often as rogues in other varie- 
ties. Others, i. a. Marius, Gloria and Early Puritan, were generally 
fairly pure and rather rare as rogues. 

Only 49 samples (31 per cent) were pure and delivered under cor- 
rect names, 27 samples (17 per cent) were pure but delivered under 
incorrect names. The rest of the samples were more or less mixed. 
Most of the mixtures contained two varieties, and one of them con- 
tained as many as six varieties. 

As a matter of fact the situation proved to be much worse than 
might have been expected, and it therefore became of great interest 
to examine other parts of Sweden from the same viewpoint. Oonse- 
quently in 1937 a similar sampling investigation covering the whole 
country was started. Since the size of the samples in the preliminary 
investigation had proved to be rather small, the number of tubers 
in each sample was now made up to 20. Even this number is some- 
what small, but it was not practicable to manage the growing and 
examination of a large number of still bigger samples. 

During the years 1937—1943 nearly 11,000 samples (or 220,000 
tubers) were colleoted, planted and examined.. The number of samples 
from each eounty (härad) was calculated on the basis of the potato 
acreage within the district. In different provinces (län) the sampling 
density varied between one or two samples per 20 hectares (50 
acres) of the potato acreage. The samples were eollected at random. 
The samples were grown for some years at the experimental fields 
of the Institute and for two years at the State Experiment-al Farm 
at Ugerup in Skåne and finally some samples were grown at the ex¬ 
perimental fields of the Plant Breeding Station at Weibullsholm. 
Practieally all of the examination work has been made by Hagberth. 

The investigation does not elaim to give exaet data of the compo- 
sition percentage of the potato stocks in Sweden. The number of 
samples is too small t.o pennit such conclusions. Since the acreage 
represented by eadi sample is not known the figures obtained show^ 
in the first place the distribution of different varieties and not their 
total acreage and importan ce for production. 

It may, however, be said that the investigation nevertheless gives 
a fairly good idea not only of the distribution of different. varieties 
but also of their importance during the period when the sampling 
was made. Since that time sorne changes have taken jdace. Tlie most 
important one and possibly the only one large enough to alter the 
relative order of the 25 most common varieties is tlie considerable 
increase in recent years of the Dutch variety Bintje, whicb has be- 
come rather populär in many districts. 

The result of the investigation will be published in detail later, 
only a short summary being given here. The relative frequency 
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of the most important varieties and their purity are recorded in table 
1. A few comments will be added here. 

Magnum Bonum is decidedly onr most important potato variety. 
In Skåne, Halland and Blekinge tbe variety was rather rare bnt in 
other parts of Götaland it was common, particulary in the northern 
part where it was the leading variety. In the whole of Svealand, ex- 
eept Uppsala län, Magnum Bonum was dominant, one-third of all 
samples being of this variety. In Gävleborgs and Västernorrlands 
län (Southern part of i^orrland) the variety was rather common, in 
other parts of Norrland rare. In the whole country, except Jämt¬ 
lands and Norrbottens län, Magnum Bonum was vcry common as 
a rogue in other varieties. 

Professor Wohltmann wliich is grown as a table potato as well as 
for industrial purposes, was the leading variety in Blekinge, Kris¬ 
tianstads and Göteborgs and Bohus län. In the two last mentioiied 
provinces nearly one fourth of the samples represented this variety. 
In addition, the variety was very common in Kronobergs, Hallands 
and Älvsborgs län and fairly common in Malmöhus, Jönköpings and 
Skaraborgs län. In the Bast of Middle Sweden the variety was rare 
and in Norrland it occurred only locally. Professor Wohltmann was 
found as a rogue in other varieties only in the Southern and western 
parts of the country. 

Up4o-date was commonly grown in the whole country, except in 
Skåne, along the west coast, and in Stockholms and Vaslmanlands 
län. It was even the leading variety in Kronobergs, Kalmar and 
Västernorrlands län, amounting to one fourtti of the total number of 
samples from the two last mentioned provinces. O ver netirly all the 
country Up-to-date was very common as a rogue in other varieties. 

President^ usually grown in Sweden under the names ’Östcrgyllen’ 
or ’BavoriP, was common in the whole of Götaland, except Blekinge 
län. In Malmöhus and Hallands län it ranked first, in Hallands län 
amounting to more than one fifth of the samples. Also in Örebro 
län the variety was widely distributed and in Södermanlands län it 
was grown rather frequently. In other parts of Svealand as well as 
in Gävleborgs län it was grown to some cxtent but in the northern 
parts of the country it was very rare or totally absent. 

Birgitta (a Svalöf variety) was widely grown in Gotland, in the 
Bast and South of Småland and in Skåne. In other parts of Götaland 
and in the main part of Svealand and in Gävleborgs län the variety 
was more or less common. In the main part of Norrland it was very 
rare. Birgitta very of ten occurred as a rogue, particularly in the south 
and middle parts of Sweden. 

Gloria (a Svalöf variety) was common in Skåne, in the eastern 
parts of the country up to and including Gävleborgs län and in Skara¬ 
borgs and Örebro län. In the western parts of the country the variety 
was seldom grown, and in the northern parts it was very rare. 
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Early Puritan and Early Rose were the most important varieties 
of the first earlies. Both varieties were grown in the whole country. 
The main districts for Early Puritan were Malmöhus and Stockholms 
län. On the whole this variety was much comrnoner in the east of 
Sweden up to and including Väslernorrlands län than in the west. 
Early Eose was the leading first early variety along the west coast 
and in Jönköpings, Älvsborgs and Värmlands län as well as in Norr¬ 
bottens and Västerbottens län. 

Majestic was fairly common in Southern and eastern Götaland, 
particularly in Hallands, Östergötlands and Gotlands län. In other 
parts of Götaland and in Svealand the variety occurred quite fre- 
quently but in Norrland it was very rare or totally absent. 

Deodara was grown mainly in the industrial potato districts of 
Blekinge and Kristianstads län, and, in addition it occurred fairly 
ofien in the whole province of Småland and Skaraborgs län. In 
other parts of Götaland the variety was fairly rare, in Svealand and 
Norrland it was hardly grown at all. 

Britiak Queen liad its most prominent districts in Värmlands and 
Kopparbergs län where it amounted to about one tenth of the 
samples. 

31 andel (Almond potato, an old variety probably of French origiri) 
was the dominating variety in Norrbottens and Västerbottens län, 
amounting to one third and one fourth of the samples from these 
respective districts. The variety was also very common in Jämt¬ 
lands and grea-t parts of Västernorrlands län. Jn the northern parts 
of Gävleborgs and Kopparbergs län it occurred fairly frequently. 
In the rest of the country Mandel was not grown at all or (in some 
places) grown only as a curiosity. 

Ackerscgen was grown mainly in Blekinge län, but it was also 
rather coimiion in Hallands, Kristianstads and Kalmar län. 

Evergood was grown mainly in the provinces around the Mälar 
lake. Particularly in Uppsala län (cfr Osvald and Bergstköm 1938) 
the variety was very common and was grown there at Icast to the 
sarne extent as Magnum Bonum. 

Alpha. This variety was distributed mainly in Örebro, Skara¬ 
borgs and Östergötlands län. 

Parnansia was grown mainly in Blekinge län, but was also fairly 
common in the industrial potato districts of Kristianstads län. In 
Småland the variety was fairly rare, and in the rest of the country 
it did not occur at all. 

Gammal svensk röd (Old Swedish Ecd, a very old variety of uii- 
known origin) was still grown nearly all over the country but was of 
any importance only in J önköpings, Värmlands and Västerbottens län. 

King Edward VII was also grown all over the country but only in 
Göteborgs and Bohus län and in Malmöhus län to any considerable 
extent. 
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Table 1. Purity and genuineness of potato stocka in Sweden 

1937—1943. 


No. 

Variety 

Percentage of samples 

of the 
variety ^ 
% 

in which 
the variety 
occurred aa 
»dmixture^ 
% 

boing 

pure 

% 

delivered 
under cor- 
rect names 

% 

of the variety 
when deliv¬ 
ered under 
thia na me 
% 

1 

Magnum Bonum 

14 

16 

42 

39 

86 

2 

Prof. Wohltmann 

9 

3 

76 

79 

96 

3 

Up-to-date 

8 

11 

35 

56 

45 

4 

President 

7 

3 

37 

78 

85 

5 

Birgitta 

7 

7 

35 

76 

69 

6 

Gloria 

5 

3 

45 

81 

84 

7 

Early Puritan 

3 

3 

46 

54 

54 

8 

Early Rose 

3 

2 

73 

57 

80 

9 

Majestic 

3 

1 

! 48 

91 

81 

10 

Deodara 

2 

4 

1 11 

29 

85 

11 

British Queon 

2 

2 

36 

28 

79 

12 

Mandel 

2 


95 

94 

94 

13 

Aekersegon 

2 

1 

1 66 

86 

93 

14 

Evergood 

2 

3 

; 41 

51 

66 

15 

Alpha 

2 


i 70 

96 

89 

16 

Pamassia 

1 

3 

. 35 

89 

44 

17 

Gammal svensk röd 

1 


1 73 

31 

90 

18 

King Edward VII 

1 


1 68 

83 

87 1 

19 

Marius 

1 

1 i 

- 70 

51 

97 1 

20 

Prof. Maercker 

1 

5 1 

46 

8 

53 

21 

Erdgold 

1 

1 ; 


74 

86 

22 

Blåpotatis 

1 


1 81 

53 

90 

23 

Wekaragis 

1 


61 

85 

94 

24 

Voran 

1 

i i 

70 

79 

91 

25—220 

Other varieties 

16 

- , - 


— 


Mix t uros 

4 ’ 

— 

— 

— 

~ - 


Marius was very common in Västmanlands län and also coinmon 
in Uppsala län (cfr Osvald and Bergström 1938) as well as in Sö¬ 
dermanlands and parts of Kopparbergs län. In most parts of the 
country it did not occur at all. 

Professor MaercTcer^ the old German variety, was grown to a note- 
worthy extent only in Gotlands and Östergötlands län and in the 
East and South of Småland. Evidently the variety has been com- 
monly grown previously in the whole of Göta- and Svealand. In 
these parts of the country the variety occurred very frequently as 
a rogue in other varieties. 

^ The figures are caJculated with regard to the varying density of sampling 
in the different provinces. 
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Erdgold was grown all over the country but only to a small ex- 
tent, except in Gotland, where the variety seemed to be rather 
populär. 

Blåpotatis (Blue or black potatoes, a very old variety of un- 
known origin) was fairly common in Bohuslän, Dalsland and Värm¬ 
land. 

WeJcaragis occurred nearly exclusively in the industrial potato 
districts of Kristianstads and Blekinge län. 

Voran was grown inainly in the South and South-east of the co¬ 
untry. 

Altogether 220 different varieties were identified. Although most 
of the varieties were rather unimportant, the number of varieties 
grown was exceedingly large. Too frequently varieties were grown 
which havo no right to persist at all. It is, however, rather satis- 
factory to find that among the varieties most frequently grown, 
there were many of those which are considered to be our most va- 
luable table potato varieties. 

On the other hand the purity and genuineness of the potato 
stocks were anything but aatisfaetory. As shown in table 1 only 
about one third of the samples of the most common varieties were 
free from rogues and admixtures. Since each sample containod only 
20 tubers the purity of stocks must be smaller than is shown in 
the table. 

The samples very of ten eontained a great number of varieties. 
Of the total 5,429 mixed samples. 


2,928 

(‘ontained 

two 

varieties 

1,382 

» 

three 

» 

659 

» 

four 

» 

281 

» 

five 

» 

124 

» 

six 

» 

33 

» 

seven 

» 

13 

» 

eight 

» 

7 

» 

ni ne 

» and 

2 

» 

ten 

varieties. 


Itedskinned or otluTwise oasily recognisable varieties as well as 
new varieties throughout eontained fewer impurities (rogues or ad¬ 
mixtures) than other varieties. A great number of growers had de¬ 
livered their samples as »unknown variety» and a still larger num¬ 
ber had their potato varieties under incorreet names. Also in this 
respect there were large differences between different varic^ties. 

The following figures give a rather friglitening pictiire of the 
situation witli regard to purity and genuineness of the potato stocks 
in öweden 1937—1943. 
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per cent^ 


Pure samples correctly named. 34 

» » not named . 9 

)> » incorrectiy named. 6 

Mixed samples correctly named . 25 

» » not named . 10 

» » incorrectiy named. 16 


100 

The result of this investigation as of the preliminary one is rather 
discouraging. It can be concluded that very much has to be done in 
order to improve the potato stocks in Sweden, to teach the farmers 
what varieties they should grow, and how to keep potato stocks free 
from impurities. 

For fnrther details see Växtodling 5, wbore tables are given for 
each province of Sweden and the distribution of the 27 most impor¬ 
tan t varieties is illustrated by maps. 
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The Accuracy of Edin’s Indieator Method for 
Digestibility Experiments. 

By FOJ.KE JARL. 

From TJie Natioruil Aninwl Experiment Station. 


In tliis Journal, vol. 16 (1949), p. 167—178, Ekiksson has pub- 
lislied the rcsults of a series of digestibility expcTiinenl s with »dried 
beet food mixture» (dried molasses-beet pulp and beet protein). 
In dis(iU8sing the results Ebiesson has inuch criticism to adduce 
against soine of the results of the digestibility experiments carried 
out by Norbfeldt, Jarl and IIellebay (1943), Olsson and Jarl 
(1945), and Jarl (1946), as well as against Edin^s indieator method 
for condueting digestibility experiments. 

Eriksson remarhs that the digestibility coefficients of the molas- 
ses-beet pulp protein found by Olsson and Jarl (1945) (the experi¬ 
ments carried out by Jarl) are lower than those found by himself. 
In the latest of Jakl^s experiments the average digestibility eooffi- 
eieiit of jnotein was 66.7 for three cows. The clieinic.al composition 
of this molasses-beet pulp corresponds to that of Eriksson’8 expe¬ 
riments. Ile found an average protein eoefficient of 74.6. Jarl’s 
experiments were carried out with cows, and those by Eriksson 
with slieep. The molasses-beet pulp tested by Jarl was manufac- 
tured in 1943, while Eriksson used such feed as was produced some 
years later. The results are scarcely comparable, and Eriksson’s 
statement that, due to his own results, those of Jarl must be erro- 
neous, is groundless. 

The conclusions drawn by Kordfeldt, Jarl and Helleday 
(1943) that-, ill their digestibility experiments with 4 kinds of silage, 
the differences between the digestibility of organic matter were 
significant are critieized, too. Tlie average digestibility eoefficient 
of organic matter of ATV-silage was 63.4 (those of the two experi¬ 
mental animals being 63.1 and 63.7, respectively); of formic acid 
silage 64.9 (65.2 and 64.6); of miko silage 64.1 (63.9 and 64.2), and 
of ordinary silage 62.1 (61.8 and 62.3). An analysis of variance gives 
the following results: 
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D.P. 

Square sum 

Mean square 

Between silages. 

3 

9.20 

3.07 

Between animals within silaere. 

4 

0.52 

0.13 


Thus, the F-value is 3.07 : 0.13 = 23.6, which is significant with 
P <0.01. The conclusions drawn were justified, and Eriksson^s 
criticism was erroneous. 

In Eriksöon’8 paper the standard deviations (S. D.) of Jarl^s 
digestibility coefficients of the difference experiments with three 
cows are listed in Table 8. On an average, the S. D. of the digesti¬ 
bility of organic matter was 4.11 in comparison with 2.22 in Eriks- 
•son’s experiments (calculated on three experiments). 

A statistical treatment of Jabl’s experiments in Ebiksson’ 8 
Table 8 showed the following results for the digestibility of organic 
matter of whole rations: 



D. F. 

Squaro snm 

Moan square 

Between (?ows within experiments. 

38 

205.(54 

5.41 ! 

Within cows and experiments. 

283 

(520.82 

2.1» 1 


Variance within cows was calculated on the coefficiients of the two- 
day subperiods. Each experiment usually (iomprised six such sub- 
periods. Thus, variance within cows and within the experiments is 
a criterion on the experimental accuracy. The F-value 5.41: 2.19 ™ 
2.47 is significant with P < 0.001. Accordingly the cows digested the 
organic matter of the whole rations to a significantly varying degree. 
The variance within the experiments can be calculated for the or¬ 
ganic matter alone, because the digestibility of the different nut- 
rients was not investigated with respect to the subperiods but to 
the entire experiment, only. There was no systematic variation in 
the treatment of cows, the composition of feed, etc., in the same ex¬ 
periment, so the difference betweeii the c.ows in their capacjity of 
digesting the sarne ration is not only statistujally but biologically 
significant. 

Due to this significant difference between cows in digesting the 
same ration — and thus the experimental feed — it is not justified, 
as Eriksson does, to consider the Ö. D. computcd by Eriksson as a 
proof of the accuracy of the method. The 8.1). in Ertksson^s ex¬ 
periments was calculated on two animals, so at least one wether 
must occur twice in a series of three experiments. Each feed was 
tested with three different cows by Jarl, so a comparison between 
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these sets of data is not justified. Tliere was no significant difference 
between Eeiksson^s two wethers as to their capacity of digestion. 
Whether this individual variation is less for sheep than for cattle 
remains to be investigated. 

An estimation of the methodological accuracy is only possible by 
repeating the experiments with the same ration and the same animal 
and calculating the 8.1). between the coefficients found. Exactly 
this is done in Jarl’s pai)er by his calculation of the S. I). of the di- 
gestibility coefficients of organic matter in the subperiods of one and 
the same experiment. The av^rage S. 1>. in Jarl’s paper of all the 
experiments (120 separate, complete experiments) was 1.33, which 
is to be comparod to repeated experiments with the same ration and 
animal in Eriksson ’s paper. In his series 1 there are 4 experiments 
with the same animal. The standard deviation of the digestibility 
coefficients of organic matter (whole ration) was 3.22 for wether A 
and 2.55 for wether B, or 2.88 on an average. In 4 repeated experi¬ 
ments with the »quantitative» method, ea(*h experiment having a 
collection period of 12 days, the S. D. between the coefficients was 
more than twice as high as in one experiment with the indicator 
method. In Eriksson’s series II are 2^8 experinumts with the same 
ration. The 8. i). cal<‘.ulated in the first 6 experiments for the pur- 
j)ose of obtaining a comparison with the number of subi)eriods in 
Jarl^s experiments is 1.31 for wether A, and 1.41 for wether B, or 
1.36 on an average. Ahout the same methodological accuracy is achieved 
in 6 repeated experiments ( - 72 collection days) ivith the »quantita¬ 
tive» method as in one experiment condueted according to the indicator 
method, Thus, this method — as used in the Animal Experiment 
Station — is superior to the quantitative one — as used at the In¬ 
stitut e of Animal .Nutrition of the Swedish (-ollege of Agriculture — 
as to its methodological accuracy and it.s amount of hibour. The 
analysis of the chromium oxide conteiit of six samples of feces (12 
double analyses) take only one day for a technician to carry o ut. 
The superiority of tlie indi(*.ator method is caused by the variations 
of the daily amount of feces voided. Ilence in the quantitative me¬ 
thod, the collection period of feces must comprise a rather long time. 
The indicator method is not affecled by this inaccuracy due to the 
constant relation between the indicator substance and the 

various nutrients in the ration and feces; so a variation in the daily 
amount of fee-es between two following days does not affeet the di¬ 
gestibility cal eulated. 


Suinmary. 

In a paper by Eriksson (1949) at the Institute of Animal IS^utri- 
tion of the Swedish College of Agriculture the results of a series of 
digestibility experiments with dried molasses-beet pulp and beet 
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protein (»beet food mixture») showed the di^estibility of crude pro¬ 
tein to be 74.6 %, whereas in earlier experiments with the same feed 
at the Animal Experiment Station a lower digestibility of this nut- 
rient was found. The discrepancy has been criticized by Eriksson, 
but his criticism has been proved to be unwarrented as well as his 
criticism of the conclusions drawn by Nordfelbt, Jarl, and Helle- 
DAY (1943) as to signifieant differences between the digestibility 
of 4 kinds of silage. 

On the basis of his own results with the quantitative method for 
digestibility experiments, Eriksson has delivered a criticism of the 
indicator method (OgOa as indicator substance) used at the Animal 
Experiment Station, stating the quantitative method to be more 
accurate than the indicator one. The errors in Eriksson ’s calcula- 
tions are pointed out. According to own calculations, one experiment 
with the indicator method (6 subperiods of 2 days) is as accurate as 
6 experiments (a total of 72 collection days) with the quantita¬ 
tive method. 
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Root Exudates and Seed Germination. 

By HUGO OSVALD. 

Froni the Institute of Plant Husbandry, 


Introduction. 

On several oceasions tlie of root exudates from certain 

plants upon others has been diseussed. In 1832 De Candolle 
advanced the theory that certain plants secretcd from their roots 
substances detrimental to other plants. In the beginning of the 
twentieth century some soil scieiitists at the Bureau of Soils in 
TJ. 8. A. (Whitney and Cameeon liK)4, Livingston, Britton and 
Keid 1905, Livingston 1907, Scheeineb and liEED 1907, Schretneb 
and Shorey 1909), proved that a niimber of unproductive soils 
contained toxic substances, which had probably been produced 
by plants. In the autuiim of 1945 the present author observed at 
the Experimental fields of the Institute of Plant Husbandry that 
rape (Colza) gerniinated and developed very poorly on (certain 
patches which were occupied by queck grass (couch-grass) Agropyron 
repens PB. This observation gave risc to an investigation aimed 
at discovering whether the roots and stolons of the queck grass 
might eontain any substance wuth retarding or detrimental effect 
on germination and devclopment. Stolons and roots were dried 
and ground to a fine powder; this was extracted with different 
solvents. Subsequently the germination of rape and oats was studied 
in distilled water and in queck grass extracts of different strength. 

Tt was fouiid that an extrac.t prepared in this way contained a 
substance soluble in water and alcohol which in very low concentra- 
tions promoted, in somewhat higher conceritrations retarded, and 
in still higher concentratioiis inhibited the germination of rajie and 
oats. It was further found that seeds which had been prcvented 
from germination by the toxic substance were not killed (unless 
they succumbed to the moulds which were less sensitive than the 
seeds) but could be brought to germinate after washing in distilled 
water. It was concluded from these results that the great eompetetive 
ability of the queck grass was partly due to the effect of its root 
exudate. It was also suggested that rnany phenomenona in plant 
growing (crop production) and in the grouping of natural vegetation, 
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for instance the ability of many grasses to superoede clover, the 
detrimental effect of grasses on fruit trees, and the inability of 
many wild species in open vegetation (for instance in mountains 
and along shores) to compete with grasses, even if these do not form 
a close stand, might be explained as a result of the influence of 
root exudates from the grasses. 

At a meeting of the British Ecological Society in London 1947 
the author read a paper on this subject. In the following discussion 
it was argued that the toxic effect of the queck grass root extracts 
might have been due to substances otlier than exudates, derived 
from the crushed cells of the ground-up roots, such for instance 
as soluble carbohydrates. 

Experiments with soil extracts. 

It was thought therefore rather desirable to try to collect more 
evidence concerning the toxic effect of grasses upon other plants. A 
species which seemed to ho of special intorest in this connection was 
red fescue (Festuca ruhra L.) which has a very pronounced ability 
to form dense and pure stands, able to prevent other plants from 
invading the grass sod. On a visit to Skarvik near Göteborg the 
author observed, close to the office of Koppartrans AB, a red fes(nie 
meadow with a very vigorous and dense growth of grass and with 
practically no other plants in it, although the meadow was evidently 
rather old. The meadow seemed to offer a good opportunity for 
studying the properties of the soil extract from the viewpoint in 
question. Through the courtesy of my brother, Director Gunnar 
Osvald, Göteborg, a soil sample from 0 to 15 cm depth was collected 
and sent to the Institute of Plant Husbanclry, where the laboratory 
Work upon it was (»arried out by the assistant of the institute. Agro¬ 
nom H. Väärtnöu, Soil extracts were prepared at the institute of 
Soil Science at the Boyal Agricultural College, where Professor 
Sante Mattson kindly placed at our disposal all the equipment 
and assistance required for the extraetion. 

Preparation of soil extracts, 

Alcoholic extract, Fifteen kilograms of the Skarvik soil containing 
some rootlcts of red fescue were stirred in 15 1 of 96 per cent ethyl 
aleohol. The mixture was stirred twice a day for three days. Then 
the extract was filtered off, whereby a quantity of 7 1 was obtained, 
the rest of the aleohol being lost by evaporation and absorption. 
One liter of the extract consequently contained the aleohol-soluble 
substance from about two kilograms of soil. 

Ammonia extract. Seven kilograms of soil were stirred in 4 1 of 
p.35-normal NHj-solution. The mixture was stirred twice daily for 
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two days. Thcn it was enclosed in a permeable dialysis tube of cello- 
phane, which was placed in distilled water. In this way 2 1 of am- 
monia soil-extract was obtained. Each liter of tlie extract contained 
the ammonia-soluble and dialyzable substances in 3.5 kg of soil. 

HJxtracts from arable land. The two methods described above 
were also employed in preparing extracts from a clayey soil from 
Kungsängen at Ultuna. On this soil a flax crop had been grown in 
1948. After the harvest the field had been autumn ploughed. The 
extracts from this soil were used for a comparison in the germination 
experiments. 


Germination experiments on soil extracts. 

The germination experiments were carried out at room tempera- 
ture at tue Institute of Plant Husbandry. Petri dishes, 11 cm in 
diameter, with double filter paper were employed. The extract 
was poiired on the filter paper in varying quantities, 100 ml of the 
alcoholic extract and 50 ml of the ammonia extract being added 
each tiine and allowed to evaporate in a thermostat at 40—50*^ C. 
In order to get rid of all aleohol and ammonia, distilled water was 
afterwards added three times, 25 ml at a time, and allowed to evapor¬ 
ate in the thermostat. Then the filter paper was wetted with 10 ml 
distilled water in each Petri dish, and 40 seeds of rape were placed 
in each of the dishes. Fouv replications of each treatment were used. 

Experiment 1. Three different quantities of extra(‘/t8, 100, 200 
and 400 ml per dish, were applied of each kind of the extracts from 
the Skarvik soil. The followiiig results were obtained: 


i 

■ Qimntity of (»xtrurt 

nil por (liHh 

Cerminati(»n 

M % 1 lielativo nunil)or 

i 

0 

88 

100 

1 Alooholk; extraot. 

100 

01 

72 

1 

200 

.52 

59 

! 

400 

24 

27 

! Ammonia extract, 

100 

56 

6:i 

1 

200 

48 

1 55 

1 

400 


0 


It is obvious from the figures that both extracts, and particularly 
the ammonia extract, have had a very detrimental effect on the 
germination of rape seed. It was observed that in the dishes with 
the largest quantity of ammonia extract (=^ the highest concentration) 
all the seeds were attacked by moulds, although there were no moulds 
on the filter paper. At lower concentrations some moulds were grow- 
ing on the filter paper, while the seeds were only slightly affected. 
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All the seeds that germinated at low concentrations had produced 
abaormal seedlings. The abnormalities were mainly swollen and 
hook-shaped hypocotyls, stunted and tliick roots, very often strongly 
reduoed, but often with long and very slender rootlets. See Pl. I, 

The ungerminated seeds looked quite normal and therefore it 
seemed to be of interest to find out whether the seeds had been 
killed by the extract or not, i. e., whether the seed might germinate 
i£ brought under more favourable conditions. Sixty ungerminated 
seeds were collected from the dishes and placed in distilled water 
where they were allowed to remain for two days. Then their germin- 
ating ability was tested. About 50% of the seeds germinated. All 
seedlings, however, were abnormal in the same way as seedlings 
developed at low concentrations of the extract. 

In the Petri dishes with alcoholic extract the germination pcr- 
centage was higher and the differences between different concentra¬ 
tions smaller than in those with ammonia extract. The growth of 
moulds was particularly vigorous at the highest concentration of 
the alcoholic extract but did not occur at all at the lowest one. All 
seedlings were abnormal as on the ammonia extract, the degree of 
abnormality increased with increasing concentration of extract. 

The small difference between the ammonia and alcoholic series 
seems to be explained most easily by the supposition that the toxic 
substance of the soil is slightly more soluble in wcak ammonia 
solution than in alcohol. 

Experiment 2, In this experiment the same extracts were used 
as in the preceding one and for comparison the extracts from the 
Kungsängen soil were used. In order to prevent growth of moulds 
the rape seed was treated with Uspulun, using 0.5 mg IJspulun to 
1.0 g of rape seed. Other precautions were also taken to prevent 
mould attack, for instance the covers of the dishes were not removed 
during the germination i)eriod. The following results were obtained: 




Germination 


Quaniity of 
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Skarvik hoiI ! 

KungBanmm hoiI i 

ml per dish 

I 

M % i 

1 

]l€*Iative 

M % 
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mimher 
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0 

95 

JOO 

95 

100 

Alcoholic extract, 100 

85 

89 

99 

104 

200 

70 

73 

96 

101 

Ammonia extract, 50 

81 

85 

95 

100 

100 

33 

35 

96 

101 


Because of the precautions taken all the Petri dishes were practic- 
ally free from moulds until the last days of the experiment. Since 
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the extracts from the Skarvik soil nevertheless had a detrimental 
effect on the germination it seems to be evident that this effect 
as well the abnormalities of the seedlings cannot be due to the 
moulds but must be caused by a toxic substance in the extract, 

The extract from the Kungsängen soil did not affect the ger¬ 
mination but caused some rather ne^ligible abnormalities of the 
roots and hypocotyls. 

Experiment 3, In this experiment an alcoholic extract obtained 
by evaporating the alcohol at 80—90° O (instead of 40—50° C) 
was employed. The following germination figures were obtained. 


Quantity of extract 
ml ))er diah 

Germination 

M % j Rolutivc number 

0 

92 

100 

100 

94 

102 

400 

89 

97 


It is evident from theso figures that the toxic substance in the 
extract has been destroyed (or inactivated) at the high temperature. 

The germination experiments in alcoholic and ammonia soil- 
extracts have shown that the soil from the red fescue meadow at 
Skarvik contained a toxic substance in quantities large enough to 
X)revent or retard germination of rape seed. It seerns x>robable 
that this substan(*e has been produced by the red fescue itself and 
that it is resx)onsible for tlie ability of the grass to keex> oth(‘r sx)e(;ies 
out of the red fescue cominunity. The arable soil from Kungsängen 
on the other hand did iiot contaiii such a substance or a t least not 
ill noticeable quantities. These results seem to be in good agreement 
with the observations referred to in the paper on queek grass root 
extracts, for instance th(‘ reduced germination and weak develop- 
inent of rai)e in queek grass patches, the ability of many grasses to 
supercede clover and so on. It can, however, be argued, that the 
toxic substanci» of the Skarvik soil may not have come from the 
red fescue but from some other sources and that the red fescue, 
unlike germinating rape, is tolerant to this substance. Thereiore, 
it seemed to be necessary to employ a more direct method for 
studying the effe(*t of root exudates upon germination. 


Germination experiments on filter paper with absorbed 

root exudates. 

From seed control work it is well known that young seedlings of 
some grasses produce root exudates in such quantities that they 
can be used for separating different species or varieties from each 
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other, Different varieties of perennial rye grass may for instance 
be separated from each other by means of different fluorescenoe 
of their root exudates, if the seeds are allowed to germinate on 
filter paper. Even if the quantities of exudates from seedlings be 
small, they might be large enough to affect the germination per- 
centage or at least the seedling development of sensitive plants. 
In order to study this problem the following method was employed. 

Five large sheets of filter paper were placed in each of a number 
of large enamel dishes. Water was added in order to give a moist 
seed bed, and then seeds of different grass species were sown 
densely on the filter paper, one grass species in each dish. Af ter 
three weeks the grasses had formed a dense stand of seedlings, 5—7 
cm high. Then the filter paper was dried and the plants removed. 
Many of the roots had, however, grown between the filter papers 
and could not be totally removed. 

Experiment 4, The filter paper was cut to pieces of a size to fit 
into the Petri dishes and germination experiments were carried out 
in the same way (with rape seeds) as in the previous experiments. 
The results obtained were as follows: 


Root exudates from 


Check (None). 

Perennial rye grass, Lolium perenne L. 

Red fescue, Featuca rubra L. 

Timothy, Phleum pratense L. 

Meadow grass, Poa pratenaia L. 

Cock’8 foot, Dactylia glomerata L. .. 
Bent grass, Agrostis stol oni f era L. .. 

Barloy, Hordeum distichvm L. 

Oats. Avena aafiva L.I 


Germination 

Root development of 
rape weedlmge 

M % 

Kelativp 

number 

89 

100 

Vigorous and normal 

82 

92 

Strongly abnormal 

85 

95 

Abnormal 

87 

98 

Abnormal 

88 

99 

Slightly abnormal 

84 

94 

Abnormal 

87 

98 

Noarly normal 

83 

93 

Strongly abnormal 

85 

95 

Stronclv abnormal 


It is evident from these figures and observations that the root 
exudates have not had mueh effeet on the percentage of seeds 
germinated. Although the differences may be smaller than the 
experimental error there seeins to be a tendency in the variation, 
the root exudates from grasses with the strongest ability to super- 
cede clover and to keep away other species having had the most 
detrimental effeet on the germination of rape seed and also the most 
obvious influence on the development of the rape seedlings (see 
Pl. II). These differences may not, however, be due only to the 
qualitative properties of the root exudates but probably also to 
the quantities exereted. Barley and oats, for instance, developed 
much more vigorous root systems than did some of the grasses, 
















Pl. I 



Rape seedlings from a germiiiatioii experiment in Petri dishes with distilled wat^r (J). ainmonia extriut (2), and aleoholic 

extraet (3) of the Skarvik soil. 





Pl, II. 



Rape aeedlings from a germination exporimoiit in Petri dishos on filtor paper 
with abftorbed root exudatea from Perennial ryegrasa (2), Rod feseue (3), 
Timothy (4), Meadow grasa (fi)» (Wk’s foot (6), Bent graas (7), Barley (8), 
and Oats (9). Check: distilled water (J). 
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particularly the bent grass, and it seems justifiable to suppose that 
the large root masses had produced more exudates than the smaller 
ones. 

The results from these rather simple experiments now shortljr 
related support tb| conclusions drawn from the experimental results 
obtained with the Skarvik soil extracts and with queck grass root 
extracts, namely that the competetive ability of many grass species, 
e. jf., queck grass and red fescue is partly due to the effect of their 
root exudates. 


Summary. 

Soils from a Festuca rubra meadow (Skarvik soil) and from arable 
land (Kungsängen soil) were extracted with a weak ammonia solution 
and with alcohol. Germination experiments in Pelri dishes with 
rape seeds were carried out with increasing concentrations of these 
extracts. 

1. Extract from the Skarvik soil had a detrimental effect upon 
germination. 

2. Ammonia extract was slightly more effective than alcohol extract. 

3. About 50 per cent of the seeds which did not germinate in the 
ammonia extract germinated after washing in distilled water. 

4. Extracts from the Kungsängen soil did not affeet germination. 

5. The toxic substance in the Skarvik soil was inaetivated (or des- 
troyed) at 80—OO"" C. 

The results seera to support the conclusion that the ability of red 
fescue to keep other plants away is partly due to the effect of its 
root exudates. 

Filter papers on which root exudates from several grass species 
had been absorbed duriiig three weeks’ growth were used for germiii- 
ation experiments with rape seeds. 

1. Grass root exudates absorbed by filter paper during three weeks^ 
growth had only a small effect on germination percentage of 
rape but a very obvious effect on the development of the roots 
of the rape seedlings. 

2. The effect may be related not only to the properties of the root 
exudates but also to the quantity of roots produced by the grass 
seedlings. 

The results from these preliminary experiments support the con¬ 
clusions previously drawn from experimental results obtained with 
queck grass root extracts. 
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Swedish hay investigations. 

By JOEL AXELSSON. 

From the Instiiuie of Atkimal Nutrition. 


Introduction. 

During recent deoades the area of forage crop in Sweden has in- 
creased. One part of this crop is pastiired, a far less part of it is 
ensiled or artificially dried, and the largest part is field-driod. Con- 
sequently, hay plays an important röle in ihe winter rations of hor- 
ses and ruminants. In the rations of tested cows in the winter, the 
hay includes abont 40 % of the metabolizable energy, The same is 
the case in the rations of young cattle, sheep, and horses. 

The amount of hay in the rations varies, however, from south to 
north, and in some degree also from east to west. In South Swe¬ 
den, where winter wheat and sugar beets are grown, the area of 
forage crop is often only one-fourth of the cultivated area, and, as 
a part of the crop is pastured, only small amounts of hay are used 
in the winter rations. On the other hand, in North Sweden, where 
the area of the forage crop is often 80 % or more of the cultivated 
area, hay constitutes the main part of the winter rations, only small 
amounts of concentrates and succulent feeds being added to the 
hay. 


The fundamental investigations. 

In spite of the important röle of hay in the rations only small 
attention was, imtil recent years, given to this feed in experimental 
Work. Sometimes one or two of the farmers sent a sample of hay 
to a Chemical station for analysis. A statement as to the maturity 
stage of the plants — the botanical stage of development — some¬ 
times accompanied the sample, sometimes it was determined at the 
station, where also the botanical composition of the sample was 
determined. Then the nutritive value of the hay was calculated 
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at the station, the digestion coefficients and the value numbers 
given in the textbooks of animal nutrition being nsed. 

In the middle of the thirties, the interest in the quality of hay 
began to rise, and the number of analyses increased annually. But 
soon it appeared that the result of the calculatio^' of the nutritive 
value was unaatisfactory. Thus, sometimes the composition of 
the hay samples (?ould vary widely, but the calculated nutritive 
value was nearly the same because the same digestion coefficients 
and value numbers were used in the calculations. Therefore the 
autlior (Axelsson, 1938) worked out a method for adjusting the 
digestion coefficients and the value numbers to the varying com¬ 
position. The method was based on the crude fiber content in the 
dry matter. 

However, it was soon evident that also the averages of the (;om- 
position and the digestion coefficients in the textbooks must be 
adjiisted as they werc very irregular. Because of this circumstance, 
the author (Axelsson, 1940, 1941 a) treated 586 digestion trials 
with ruminants carried out with green feed, silage and field-dried 
hay of alfalfa, elover, elover-grass mixture, and grass. Later on 
(Axelsson, 1944 a) the number was increased to 877. In the first 
place the connection between the Chemical composition and the 
digestibility of the nutrients was investigated. The earlier discovery 
that crude fiber, in a higher degree than other substances, influences 
the digestion of the nutrients was confirmed. Furtlier, it was shown 
that the depressing effect of an increased crude fiber content on 
the digestion coefficient of organic matter was about the same in 
green feed and silage as in hay. In addition it was about the same in 
legumes as in grass. As all the regressions of the digestion coeffi¬ 
cients on the crude fiber content of the dry matter were reclilinear, 
the results were easily applicable. At the same tirne, the loss of 
the dry matter as well as of the various under-groups of tliis sub- 
stance in ensiling and f ield-dry ing was investigated, so the change 
of composition and digestibility of the nutrients of the green croi)8 
owing to this loss could be determined. 

The results made it possible to work out tablcs on the coinposi- 
tion, digestibility, and nutritive value of the forage crops in which 
the averages of the green crop, the silage, and the hay were connec- 
tcd together, and not, as earlier, calculated independent of each 
other from different samples. The same was the c,ase as to the 
difft^rent maturity stages of the crop at harvesting, and the tables 
therefore show a systematical cnurse frorn one stage to another. Fi- 
nally, the data of the mixtures were connected to the data of the 
species grown alone. 

Besides, in this series of investigations it was shown (Axelsson, 
1944) that the standard deviations of the digestion coefficients of 
the nutrients were smaller in samples with the same crude fiber con- 
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tent in the dry matter than in samples from the same maturity 
stage — botanical stage of development — at har vest time, though 
this stage had been determined by the scientists who carried out 
the trials, and not by the farmers. The crude fiber content was con- 
sidered »the sam^ when it did not vary more than within 3 percen- 
tage units. The following averages of the standard deviations of the 
digestion coefficients of organic matter and protein were obtained: 



Org. matter 

Trotein 

The same crude fiber content.! 

3.77 

5.44 

The same maturitv staeo. 

4.31 1 

5.84 1 


It was also shown that the standard deviation in forage crops with 
the same crude fiber content in the dry matter was about the same 
as the standard deviation from feeds with a constant composi- 
tion. This standard deviation is eaused by the experimental errors 
in the digestion trials. Accordingly, owing to these investigations, 
it is now possible to determine the digestion coefficients, when the 
composition is known, with about the same degree of certainty in 
forage c>roi)S as in concentrates. 

Such tables are now used in the Chemical stations when the nutri- 
tive value of the samples of hay is calculated. Some of these tables 
are graphically represented (Axelsson, 1943 a). On calculating the 
amount of metabolizable euergy per g of digestible substance, accor- 
ding to the author (Axelsson, 1941 and 1949 b), the following fac- 


tors were used: 

for protein. 4.3 kcal 

» ether ©xlraet. 7.8 » 

» N-froo oxtract. 3.7 » 

» crude fiber. 2.9 » 


As an example, the calculation of a sample having 85 % of dry 
matter is given in Tablc 1. 


Table 1. The calculation of the amount of metabolizable energy of 

a Hample of hay. 


Nutrients 

The ^*OInpo^^- 
tion of tho 
hay, % 

D. C. 

Kcal per g 
of digOHtiblo 
Huhötaiice 

Kcal ]>cr 
kg Imy 

Protein. 

11.9 

63.5 

4.3 

:125.0 

Ether ©xtract. 

1.7 

53.7 

7.8 

71.2 

N-froe extract... ... 

37.2 

69.5 

3.7 

9.56.5 

Crude fiber. I 

j 

27.5 

1 

57.3 

[ 

2.9 

4.57.0 

Sum I 809.8 


Thus this hay contained 1810 kcal, or 1.81 mcal (niegacal) per kg. 
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Hay samples and their treatment. 

In tlie last 7 years copies of the analyses of the hay samples ha ve 
been obtained from the Chemical stations by tjj^e Boyal Central 
Board of Agriculture (Kungl. Lantbruksstyrelsen) in Sweden, and 
handed over to the Institute of Animal Nutrition for treatment. 
The number was the following: 


1942.... 

. 641 

1943.... 

. 981 

1944.... 

. 1 160 

1945.... 

. 1 890 

1946.... 

. 1668 

1947.... 

. 1002 

1948.... 

. 1346 


Sum 8 688 


Each year the hay samides have originated from various parts 
of the country. But the distribution was in some degree irregular 
as the interest of the provincial agricultural societies in the inves- 
tigations differed. At least partly, these societies usually paid the 
costs of the collection and the analysis of the samples. Frequently 
the samples have originated from farmers who aro mcmbers of the 
cow testing associations. 

In the analyses the water content was standardized to 15 %, as 
this percent occurs on an average in the hay when it is fed to the 
animals. During the first years, the contents of protein, ether ex- 
tra(5t, N-free extract, crude fiber, and ash were given in the ana- 
lytieal analyses, but in the course of the years the deterrnination of 
the ether extract has beeii omitted more and rnore, because this 
substance in each kind of hay varies only in a small degree. There- 
fore standard values of the ether extract content are now used when 
the nutritive value of the hay is calculated. In the maiii part of 
the analyses the content of calcium and phosphorus was determined, 
and given in the analyses in g per kg of hay. 

In all the analyses treated, the botanical composition of the 
samples has been given. However, in some stations the classifica- 
tiori was restrieted to clover hay (with more than 75 % of clover), 
to clover-grass hay (with 25—75 % of clover), and to grass hay 
(with less than 25 % of clover). In the treatment of the analyses, 
therefore, this grouping has been followed. In some distriets of 
South Sweden alfalfa is grown together with clover. In such cases 
the content of legumes in the samples was used instead of the clo¬ 
ver content. 

The samples of hay have been grouped according to the scheme 
in Table 2. 
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Table 2. Soheme for the grouping of hay samples. 


ClasH value 

1 

2 

3 

4 

5 

Maturity 8tage\y 

probud.- 

oaring 

budding- 

earirig 

early 

bloom 

full 

bloom 

late 

bloom 

Cutting 8tago 

vory oarly 

early 

normal 

lato 

very lato 

Crude fiber content in % 
grass hay. 

—23.6 

23.7—26.1 

26.2—28.6 

28.7—31.1 

31.2— 

clover-grass hay. 

—22.3 

22.4- 24.8 

24.9—27.3 

27.4—29.8 

29.9— 

clover hay. 

—21.0 i 

21.1—23.6 

23.6—26.0 

26.1—28.5 

28.6— 


Thus in each dass the cnide fiber content is highest in grass hay 
and lowest. in dover hay. The annual results are given in reports 
by the anthor (Axelsson 1943 b, Axelsson et al. 1944, and Axelsson 
1945—1949 a). 


The clover content of the hay. 


During the 7 years the dover content of the hay was the fol- 
lowing: 

1942 . 32.0 % 

1943 . 38.1 » 

1944 . 35.4 » 

1945 . 42.9 


1940.43.6 » 

1947 . 30.0 » 

1948 . 50.0 » 

Mean 40.5 % 


For eadi year the dover (content differed from one jiart of the 
eountry to another as is shown in Table 3. The districts are marked 
on the inap of Sweden in the Figure. 


Table 3. The numher of analyses and the average clover content of 
hay in various districts of the eountry. 


Dist rict 

Number of 
analyses 

Mean clover 
content, % 

1 

1. Malmöhus län (County).| 

601 

41.5 

2. Kristianstads and Blekinge län. 

412 

39.9 

3. Halland. 

539 

56.0 

4. Småland. 

1 013 

49.4 

6. Västergötland. 

399 

52.5 

6. E. Central Swoden. 

964 

54.5 

7. W. Central Sweden. 

2 068 

42.1 

8. Gävleborgs- and Västernorrlands län. 1 

1 672 i 

39.6 

9. Jämtland. 

1 699 j 

31.0 

10. Norr- and Västerbotten ..! 

1 1421 

17.6 
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According to this table, the clover content was bighest in the 
lowlands of the South and central parts of Sweden. Each year it 
was lowest in Korth Sweden, as the winter there is long and cold. 
In some districts in this part of the country only grass hay was to 
be found. 

The dass value of the hay. 

In different years, the average dass value of the hay was in some 
degree connected with the precipitation in May-June, as the data 
in Table 4 reveal. 


Table 4. The precipitation in May-June and the dass value of the 

hay of each year. 


■ 

T*recipitation, mrn 

(^lasB vahio 

1942 

110 

3.24 

1943 

66 

2.72 

1944 

115 

3.56 

1945 

112 

3.55 

1946 

114 

3.44 

1947 

70 

3.16 

1948 

106 

3.06 


These figures show tliat in 1943 the quality of the hay was con- 
siderably liigher than in the other years because the raiiifall of the 
carly summer was lowest in that year. In 1944—46, on the other 
hand, the rainfall was highest and the quality of the hay lowest. 
In years with a high rainfall in May-June the plants grow w^ell, 
and a great quantity of hay is obtained. However, the straws of 
the grasses and the stalks of the legumes then grow longer and eoar- 
ser than in years with a lower rainfall. At the same time, the flowe- 
ring is delayed 1—2 weeks. This is the ease especially with clover, 
and consequently a high rainfall decreases the quality of clover 
hay inore than the quality of grass hay, as the following data show. 



Difference botween the elans value of 


the hay in 1943 and in 1944—4(> 

Grass hay. 

—0.38 

Clover-grass hay. 

—1.02 

Clover hay. 

- 1.42 


Thus, the influence of rainfall was nearly 4 times as great for 
clover hay as for gi^ass hay. This result is verified by the fact that 
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Map of Sweden with the 10 districts of the tables 3 and 5. 

eaoh year tlie dass value and the crude fiber content of the hay 
were higher in the western than in the eastern part of Middle Swe¬ 
den, as the rainfall in May-June decreases from west to east. 

This discovery is of a great practical importance, as it explains 
— at least partially — why the effect of the hay in the rations is 

51 —48601 Kungl, Lantbrukahogakolane Annaler. Vol, 16 
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low in wet, and high in dry years. It also shows that the botanical 
stage of development of the plants is a bad guidance as to the time 
of harvesting the forage crop. The general coarseness of the i)lants 
is thns a better measure of the maturity stage (the harvesting stage). 

Further, the figures in Table 3 indicate that, recent years, the 
quality of the hay has been irnproved. Thus, thfe hay in 1948 had 
a relatively low dass value though the predpitation was nearly 
as high as in 1944—46. This circumstance shows that informing 
farmers about this has led to an earlier harvesting of forage crops 
diiring the last years. 

The average class value of the hay in the various distriets of the 
couiitry is given in Table ö. 


Table 5. The average dass value of the hay in the various paris of 

the eountry. 


DiHtrict 

gras.s 

ClasH value 

clover-grans 

of the hay 

(dovor 

total 

1. Malmöhus län (County) 

2. Krist, and Blek. län... 

3. Halland. 

2.68 + 0.066 
3.53 ±0.079 
2.76± 0.090 
3.18 ±0.057 

2.70 ±0.052 
3.55 ±0.066 
2.85 + 0.053 

3.00 ±0.048 
3.11 ±0.038 
3.08 ±0.06» 
3.85 ±0.063 
3.33 ±0.104 

2.72 + 0.040 
3.47 + 0.047 
2.91 + 0.039 

4. Smäland. 

3.52 + 0.043 

3.51 ±0.031 
3.27 ±0.046 
2.94 ±0.030 
3.70 ±0.020 
3.36 ± 0.035 
2.88 ±0.039 
3.27 ± 0.025 
3.29 ±0.011 

5. Västergötland. 

3.06 ± 0.080 

3.36 + 0.064 

6. E. Central Sweden .... 
7 - W* Central Sweden.... 

3.0110.056 
3.42 ± 0.030 

2.84 + 0.051 
3.80 ±0.027 
3.34 + 0.052 
3.01 + 0.067 

2.98 ±0.052 

3.98 ±0.064 
4.05 ±0.084 
3.67 ±0.144 

8. Gävleb. and Västern, län 

9. Jämtlands län. 

3.16 ±0.050 
2.70 ±0.048 

10. Xorr- and Västerbotten 
j The whole country .... 

3.25 ±0.027 
3.17 + 0.0J5 

3.40 + 0.083 
3.36 + 0.017 

3.57 ±0.137 
3.46 ±0.028 


It seeins that the grass hay had the lowest dass value (the highest 
quality) in the Oourities of Malmöhus, Jämtland, and Halland, and 
the highest dass value (the lowest quality) in those of Kristianstad 
and Blekinge as well as in the western part of Central Sweden. 
The dover-grass hay had the lowest dass value in the Counties of 
Malmöhus and Halland as well as in the eastern part of (Vntral 
Sweden, and the highest dass value in the western part of Central 
Sweden as well as in the Counties of Kristianstad and Blekinge, 
and in the Province of Småland. The dover hay had the lowest 
dass value in the eastern part of Central Sweden, and the highest 
dass value in the Counties of Gävleborg and Västernorrland, in 
the western part of Central Sweden, and in Småland. All the hay 
had the lowest dass value in the Counties of Malmöhus and Jämt¬ 
land as well as in the Province of Halland and the eastern part of 
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Central Sweden, and the highest dass value in the western part 
of Central Sweden, and in Småland. 

In the whole country, the grass hay showed the lowest, and the 
clover hay the highest class value, the difference being 0.29 ± 0.032 
units and thus s^nificant. This difference was caused by the high 
precipitation durAg the early suminer of most of the years. In 
1943, when the early summer was dry, the dass value decreased 
with an increase of clover content in the hay. The class values of 
the whole country imply that the grassland crops were, on an ave- 
rage, harvested slightly later than in the early-bloom stage. 

The percentage frequency, and the total number of samples of 
the three kinds of hay are given in Table 6. 


Table 6. The frequency and the number of samples of the hays. 



Percentago frequency in classes 

Number of 



2 

s 

4 1 

ö 

samples 

Grass hay. 

3.7 

18.5 

41.0 

30.9 1 

5.9 

3 670 

' (Clover-grass hay. 

3.7 

15.4 

34.5 

34.2 

12.2 

3 538 

j Clovor hay.: 

5.0 

14.1 

28.3 

35.4 

17.2 

1 480 

i All the samples.l 

3.9 1 

16.5 

36.2 

33.0 i 

10.4 

8 688 


The distributions show less skewness. In the grass hay and do- 
ver-grass hay distributions tlie frequency is highest in class 3, but 
in the distributions of the clover hay samples it is highest in dass 
4. According to this drcunistance, the average dass value given 
in Table 4 increased with an inereased amount of clover in the hay. 
Further, tlie distributions show that about 20 % of the hay was of 
a very higli quality, being harvested at an early rnaturity stage of 
the (*rop. On the other hand, about 43 % of the samples originated 
from harvesting at a late rnaturity stage. Thus, the range of the 
hay, as to its quality, has been very Avide. In the future it may be 
possiblc to decrease this range and, at the same time, to increase 
the average quality of the hay. 


The energetic value of the hay. 

The amount of metabolizable energy in mcal in all the hay samp¬ 
les of the dasscs, calculated in the manner given abov(‘, is inserted 
in Table 7. 

According to this table, the amount of metabolizable energy in 
each kind of hay increased with a decreasing class number, i. e. 
with a decreasing crude fiber content in the hay (by cutting earli er). 
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Table 7. The averages of the amount of metaholizaUe energy per kg 
hay of the various dassee. 



Mcal per kg hay 

in claasé» 






-- 



/ Average 

Eelation 


1 

2 

3 

4 

6 i 

f 


Gra4S8 hay. 

2.03 

1.94 

1.86 

1.78 

1.69 

1.85 

100 

Clover-grass hay.... 

2.08 

1.98 

1.89 

1.81 

1.72 

1.87 

101 

Clover hay. 

2.12 

2.02 

1.92 

1.83 1 

1.74 

1.89 

102 

All the samples .... 

— 

— 

— 

— 

— 

1.86 


Kelation (average).. 

120 

115 

110 

105 

100 




In hay from a very early cutting the amount of metabolizable energy 
was 20 % higher than in hay from a very late cutting. 8uch a very 
early cutting, however, is not possible in general, but so early a 
cutting may be expected that an average class value of 2.5 can be 
obtained. Then the average amount of metabolizable energy per 
kg of hay would increase from 1.86 to 1.92 mcal, or with about 
3 %. Though such an improvement seems to be small, it is of great 
practical importance, as the amount of hay is very large. But it 
will take some years for the Swedish farmers to carry out such an 
improvement. 

Further, the table shows that the amount of metabolizable energy 
per kg of hay is lowest in grass hay and highest in clover hay. There- 
fore an increase of the clover content too will irnprove the hay ener- 
getically. However, in Sweden the possibilities of inxproving the 
hay in this way are more restricted than those of improving it by 
an earlier cutting. 

The amount of digestible protein in the hay. 

In the investigations the amount of digestible protein was expres¬ 
sed in g per kg of hay. The average amount of all the hay saraples 
of the classes is given in Table 8. 


Table 8. The averages of the amount of digestible protein per kg 
of hay of the various dasses. 



Digestible protein in g por kg hay 
in classes 

Average 

Relation 

1 

2 

3 


5 

Grass hay. 

61 

55 

49 

44 

39 

48 

100 

Clover-grass hay ... 

86 

74 

66 

59 

52 

64 

133 

Clover hay.' 

108 

96 

87 

77 

66 

81 

169 

Ali the samples .... 

— 

— 

— 

— 

— 

61 

— 

Relation (average).. | 

161 

142 

126 

114 

100 1 

— 

— 
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It is «eeii from the table that in each kind of hay the amount of 
digestible protein increased with a decreasing dass number, i. e* 
with an earlier cutting. For all the samples the increase averaged 
61 %, as compared with 20 % for the energy, when the cutting was 
changed from n Very late to a very early one. If the cutting had 
been carried out\t the optimum maturity stage of the crop, an 
amount of 66 g of digestible protein per kg hay, instead of 61 g, 
would have been obtained. The increase would be about 8 % for 
the protein effect in comparison with about 3 % for the energetic 
effect. Hence, at an early cutting the protein effect of the hay is 
increased much more rapidly than the energetic effect. 

The same is the case at an increase of the clover content of the 
hay. The table shows that the amount of digestible protein was 
69 % higher in clover hay than in grass hay, in relation to 2 % for 
the energetic value. If the clover content can be increased at the 
same time as the crop is cut earlier, the protein effect of the hay 
can be increased considerably. 

On the other hand, from one year to another the protein effect 
of the hay was more constant than the energetic effect, depending 
on the greater variation of the erude fiber content than of the pro¬ 
tein content with a varying amount of precipitation in the early 
summer. 


The calcium amount in the hay. 

The amount of calcium was determined in 8 396 samples, and thus, 
as mentioned above, in the main part of the samples. The average 
amount expressed in g per kg hay of the classes is given in Table 9. 

As the table shows, the calcium content of the hay increased with 
a decreased dass value — a decreased erude fiber content, and an 
earlier cutting — as well as with an increased clover content. From 
a very late to a very early cutting the increase amounted to 46 %, 
so it was about intermediate to the increase in energy and digestible 

Table 9. The averages of the amount of calcium in the hay of the 

various classes. 



Calcium in g per kg hay in 

classes 




— — 




— 

Average 

Relation 


l 

2 

3 

4 

6 



Grass hay. 

7.0 

6.3 

.5.6 

4.8 

4.6 

.5.3 1 

100 

Clover-gra«s hay ... 

11.2 

9.8 

9.0 

8.5 

7.8 

8.9 

167 

Clover hay. 

13.5 

12.2 

11.4 

10.5 i 

10.0 

11.0 

208 

All the samples .... 

— 

— 

— 

— i 

— 

7.8 

1 

Relation (average). . 

146 

130 

117 

107_ 

100 

— 
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protein. As the amount in the clover hay was 108 % higher than 
in the grass hay, the inorease from grass hay to clover hay was 
much more pronounced for calcium than for digestible protein. An 
earlier cutting in connection with an increased clover content can 
therefore increase the calcium content of hay yj ^ high degree. 

As for protein, the variation of calcium from one year to another 
was small. In 1943 and 1947, when tho early summers were very 
dry, the amount of calcium was about the same as in the other years. 
Thus the high amount of calcium in the forage crop, tested during 
dry summers in some experiments, did not appear in Swedish hay. 
Also the variation of the content from one part of the country to 
another was small. On the other hand, the variation within the 
samples from each district every year was great. 

The phosphorus amount in the hay. 

The amount of phosphorus was determined in the same samples 
as was the (*ase with the amount of calcium. The average amount 
in g per kg hay of the classes is put in Table 10. 

Table 10. The averages of the amount of phosphorus in the hay of 

the various classes. 



Pliosi>horu8 in 

g por kg hay in 

ClaSHOH 


1 

1 


— 


— 



Average 

Relation i 


1 

2 

3 


ö 


i 

Grass hay. 

1.8 

1.9 

1.9 

1.9 

1.9 

1.8 

100 

! Clover'grass hay ...' 

1.8 

1.9 

2.0 

2.0 

1.8 

1.9 

100 ; 

Clover hay. 

2.1 ! 

2.0 

2.0 

2.0 1 

1.9 1 

2.0 

111 j 

All the samples .... 

— 

— 

— 

' _ i 

— 


— 

Relation (average).. 

100 

104 

105 

105 

100 

L -- 1 

1 


According io this table, the phosphorus content of the hay showed 
a weaker connection with the dass value — the stage of cutting 
— than the nutrients treated in the preceding tables. An increase 
of the clover content of the hay caused a small increase of the phos¬ 
phorus content. Thus this content varied much less than the con- 
tents of protein and calcium. Also from one year to another the 
variation was very small. Only in the dry years 1943 and 1947 the 
content was slightly lower than in the other years, but the decrease 
was inu(*h smaller than ivould have been expected from investiga- 
tions carried out in different parts of the world. Also the variation 
of the phosphorus content of the hay from one part of the country 
to another was relatively small. In South Sweden, where wheat and 
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sugar beets are grown, the hay each year contained per kg about 
0.5 g of phosphorus more than in sucb parts of North Sweden where 
the eontent was the lowest. 

\ General conclusions. 

The Swedish hay samples analysed in the years 1942—48, the 
number being 8 688, contained on an average 40.5 % of clover (or 
legumes), and 59.5 % of grass, and some othtT plants. The conipo- 
sition 011 a dry niatter basis of 85 % was the following: protein 9.6 %, 
ether extract (partly estimated) 2.3 %, N-free extract 40.0 %, c.rude 
fiber 27.2 %, and ash 5.9 %. Per kg of hay the arnount of metaboliz- 
able energy was 1859 kcal, or 1.86 nu‘al, the arnount of digestible 
protein 61 g, the arnount of calciuin 7.8 g, and the arnount of phos¬ 
phorus 1.9 g. Especially tlie averages of crude fiber and N-free 
extract were influenced by the rainfall in May-June. Thus a high 
rainfall caused delayed flowering and increased eoarseness, especi- 
iilly of the clover in the crop, the crude fiber eontent being increased 
and the N-free extract eontent deereased. In such years, therefore, 
the quality of the hay was poorer than in years with a normal rain¬ 
fall in the early surrirner. 

The variation of the composition and the nutritive value of the 
hay samples were great primarily depending on the variation of the 
maturity stage at the cutting of the cro]). A number of farmers 
cut at an early stage of maturity, and therefore they obtain a high 
quality of hay. On the otlur hand, the majority of farmers still 
cut at a. late stage with a low quality of hay as a result. lience, 
a further improvement of the quality of the hay is, on an average, 
j) 0 ssible. 
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Studies on Gyttja Soils.^ 

I. Distribution of Dill*erent Sulfur and Phosphorus Forms 
and of Iron, Manganese, and Calcium Carbonate in a 
Profile from Kungsängen. 

By LAMBEKT WIKLANDEK and GUNNAR HALLGREN. 

From the Institutes of Pcdology and AgrictiUural Hydrotevhnics. 


Introduction. 

(rytija soils in sovornl iinportaid ivspiM^ts from oHier soil 

typoH, and to 8oino oxtont tliey <*}iu be Kai(i to hav<‘ a position of 
their own. Tims, a. lii^li S-(‘.ontent, a low voliime weiglil, and a 
lii^h p(m‘ volniiK* are some e]iara.(derjsti(*s of tliese soils. Further, on 
aecouril of ils ori^iii, tlie ()rf(anie subslaiice of Kyftji*- essontially 
of a ty})(‘ diff<n*ent from liunius in jj^eneral. Also from a liydrolojj^i- 
eal point of \ie\\ gyttja soils show considerable differenees from 
other soil types. Thus, pcTinanent eracks will appear after drai- 
na^xe (EKSTiahr and FLODKVirtT 1920) also at a relativoly low ^^yttja 
e.ontent. Many ^yttja-containin^ soils are fnrtlier eliaraeterized 
by a stron^^ tendency to fix phosphates, thus renderinj^’ these un- 
available to the vegetation (TokstkiNSson and Eriksson 1938). 

l)u(» to the ori^in and loeation of the soil the content of gyttja 
in a. soil varies to a ^r(‘at extent. While the (*ontent in certain soils 
amounts to a few ])er ((‘iit only, in other soils it (^an r(*a<*h siKih 
hi^di values as to be<'om(‘ the dominant constitiient. of the profile. 
Gyttja usually oceurs in submer^e<l loealities aroiind lakes and 
alonjy rivers and is an alluvial formation of hi^^hly varyln^»' eompo- 
sition. Th(* systematics and oeeurrema* of ^jyttja have been dis- 
eussed by von Post and Granlcnb (1926) and Lundqvist (1927). 

^ Since tlieic* is no adcquaio (ranslatiori of this vortl into Eiiglisli, the Scantli* 
nav ian name of gyttja will be iiaod in thia and siibsequent papcrs. The closest 
English tjorrospondcnce seonis to bo mud. 

Mr. Ehnst »Jonsson assisted in the experimental iiivestigations. The pbospbo- 
ms determinations wore carriod oiit by Mrs. Emsavkta Kottler-Andersson. 

52 - 48U)« Kiingl. Lo?}fhrvkshofjfik<>ltt»s Atinnier. Vol, Hl 
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Some Chemical and physical properties of gyttja soils in Finland 
have been presented by Aarnio (1936) and Kivinen (1938). 

Virginal gyttja-containing soils are of t en rich in plant nutrients 
and can be considered as easily arablc land but are frequeiitly uti- 
lized as pastures only. To raise tlieir productivity by cultivation 
is therefore an econoinical problem of great int/rest. This, how- 
ever, sometimes involves an intrieate problem, since in many eases 
these soils are waterlogged and <u)ntain sulfides wliich after im- 
X)rovement of the drainage are oxidized as follows: 

This reaction leads lo the produetion of sulfuric aeid, wliieh if 
the snlfur content is high and the lime eontent low, may deerease 
the soil x)H to sneli an extent as io become harmful to j)lants. An- 
other harmful effect of this pil deerease is that ii renders i)ho8phate 
more unavailable to idants by the aetivation of sesquioxides. 

Despite Ihe inixmrtanee of the problems eonne(*ied with gyttja 
soils, few invesiigaiions Jiave been earrit‘d ont in our eountry eon- 
c(‘rning tlanr i)rope.rties from ])hysieai and cinunieal i)(>ints of vievv. 
It is thendore the purpost^ of the auihors to investigate some pro¬ 
blems met witli in soils c.ontaining gyttja, or sulfides. As the first 
IVsiii of thcKse studies we liave chosen to (*\amim* a soil ])rofile from 
a eultivnted field, known to eontain gyttja, in Kungsängen, loea- 
ted near Uppsala, regarding the me<*liani(‘al (*om])osition and pH 
as W(‘ll as the (*,ont(Mits and distribution of snlfur, phosphorus, 
iron, mauganese, oaleium (*arbonate, and organie matttu*. 

Geolo^ical and physical cliaracteristics of the profile. 

Krom a geological point of view the surfaet' layers of tlie Kungs- 
iingen soil are very yeung formations. Thus, a f('\v (‘(»nturit^s ago 
the greatt^r j)ai*t of Kungsängen was a lake or ralluu* a bay of Lake 
Mälar. Tlie alluvial formations that- constitute the upper layers of 
the Kungsängen soil e-onsist of material transport(*d by tlu*. river 
Fyris whieh flows through this area. Ilt‘n(*e, th(‘ sediments elose 
to the river, with a considerable content. of fine sand and silt, are 
coarser than the sediimuits in the other i)arts of Kungsängen where 
th(‘ soil (ionsists mainly of alluvial clay. This formation that in 
most parts is of a considerable depth, is uiiderlaid by postglaeial 
elay (Aneylus- and Litorina-elay). In the alluvial ehiy there are 
ofttui r(‘sts of fresh water molluscs. At a certain depth the alluvial 
elay as well as the underlying postglaeial e-lay ar<‘ in some parts 
of Kungsangen v<‘ry dark, almost black, so-(*.alled black (da-y. This 
is the case in th(‘ field wliere the profile was taken. The black elay 
has a considerabh* content of sulfur. Tlie dark (M)lour is e.onsidered 
to be caused by the x)r(»seuce of iron sulfide. 
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Depending on the gyttja content of the soil, the hydrological 
conditions in Kungsängen are favourable for crop production* Tlius, 
there are conspicuous permanent cracks in the soil and, consequently, 
a marked communication between the ground water table and the 
water level in the river. Due to the permanent crack formation, 
the Kungsängen tXiil is selfdraining. 

The soil profile was taken at about 600 m. east of the river Fyris. 
The field has been cultivated for a long time past. 


Table 1. Mechanical analysis of soil samples from the Kungsängen 
profile^ per cent of dry matter^ and determination of the relative 
gyttja content by the fluorescence method. 


Sample 
dopth m 
eni 

Coar«e 

sand 

2—0.2 

ram 

..r 

Fine aandi Silt 

0.2—0.0210,02—0.002 

mm mra 

Clay 

<0.002 

mra 

Organic; 

matter 

OaCOa 

Fluore.s- 

conc© 

0— 20 

2.3 

1 

7.9 i 

35.3 

49.2 

4.9 

0.4 

0 

30-- 50 


13.1 i 

20.3 

58.7 

1.6 

0.3 

0 

80—100 ] 

— 

10.4 

30.0 

; .57.5 

1.2 

0.3 

1 

120—140 1 

— 

10.8 ! 

28.4 

58.3 

2.2 

0.3 

6 

160“ 180 

1 

8.4 j 

29.2 

; 58.8 1 

1 i 

^ 0.9 

8 

200--220 

— 

11.8 1 

31.2 

! 52.7 1 

3.4 1 

1 0.9 

1 10 

240- 260 

— 

ir..o 1 

31.1 

i 49.3 

3.0 

! 1.0 

i 8 

j 280—300 

— 

19.2 i 

30.2 

46.1 

1 3.5 

1 1.0 

7 

1 320- 340 1 

-- 

13.4 1 

.33.7 

; 45.6 

1 4.1 

j 3.2 

1 H 

1 360—380 

— 

18.8 ! 

30.1 

! 41.0 

i 3.2 

! 6.5 

i 8 


lii table 1 is shown the mechanical composition of the profile. 
Tlie analyses were carried out accordiiig to the iiiternational method 
A. The amourit of organic matter was determined by correction 
of the loss on ignitiou according to Ekström (1927). Further, the 
table shows the content of calcium carbonate whicli is also given 
in figure 2. 

As is seen from table 1, the surfaee soil can be classified as a 
silty clay with an average humus content, whereas the underlying 
soil down to a depth of 380 em. is mainly a clay. It may be 
mentioned t-hat the ground water table at the time when the pro¬ 
file was taken (in February 1949) was about 80 cm. below the soil 
surfa(*.e. Further, it was noted that there were permanent cracks 
down to about 140 cm., a depth evidently (jorrcsponding to the 
low^^est ground water level and below which no aeration of the soil 
could occur. In the upper part of the subsoil — the layers with per¬ 
manent cracks — there was a marked precipitation of Fo, due to 
a temporary aeration and oxidation. At a depth of 120—140 cm. 
there were certain black spots in the soil. Below this level the soil 
had a very dark colour all tlirough. The content of Fe8 seemed to 
be greatest at a depth of 200—^220 cm. 

52* -- 48106 Kungl. Lantbrukahögakolans Annaler. Vol. 16 
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Table 1 shows that the content of organic matter in the suhsoil 
is rather low down to a depth of about 100 cm., evidently depending 
on the fact that part of this material had been oxidated. Then 
the content of organic matter increases up to values of about 4 % 
(at a depth of 320—340 cm.), even here comparativfely small amonnts 
but sufficient to give such specific properties to *fhe soil as are cha- 
racteristic of gyttja-containing soils. From table 1 is also seen 
that the content of calcium carbonate shows a similar variation 
in the subsoil with the depth. 

In order to obtain a relative estimation of the gyttja content and 
its variation with the depth in the profile, the air-dried soil was 
examined as to its fluorescence in ultra violet light according to 
the method proposed by Torstknsson, Eriksson and Wiklander 
(1939). Filtration of the acietone extracts was, however, necessary 
before the fluorescence measurements. In table 1 is indicated how 
the intensity of the colour varied in the profile. The fluorescence 
was estimated ocularly and expressed in a 10-degree scale, where 
10 signifies the strongest red colour. 


Chemical investigations. 


Analytieal methods. 

Three different forms of S were determined, viz. sulfide 8, inor- 
ganic sulfate S, organic S ( 4 free 8 possibly present in the natural 
soil), and total S. It should be mentioned that due to the rapid 
oxidation of the sulfide on exposure to air the soil sainples were 
kept anaerobic until the sulfide analyses which were made as fast 
as possible. Prior to the other analyses, ex(*.ept for some of the 
P and Mn determinations, the samples were air-dri(‘d. 8ince the air 
oxidation of the sulfide requires a lorig time to go further than to 
free sulfur, as will be shown in a låter public.ation, the drying of the 
soil could not interfere with the subsequent sulfate analyses. The 
resultiS are calculated on the dry matter basis of the soil. 

Sulfide S was determined by treatment of about 5 gm. of soil 
with 1 N. HCl on a bath with boiling water for 45 minutes, the 
expelled HgS being absorbed in vessels with ammoniacal OdOl^ 
Solutions by the aid of an oxygen-free nitrogen gas strearn. Af ter 
acidifying the solution, the precipitated Cd8 was oxidized by addi¬ 
tion of iodine and the excess of this titrated with thiosulfate. 

Inorganic sulfate S was determined by two extractions with dis- 
tilled water, the first with 250 ml., the second with 150 ml. The treat¬ 
ment lasted for 24 hours partly on a steambath. Af ter evaporation 
of the combined 'filtrates and separation of the small amounts of 
dispersed colloids, dissol ved sulfate was precipitated with BaClg* 
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That this method yielded practically all sulfate was checked by a 
subsequent leaching with 200 ml. of hot 0.5 N. NH 4 CI. 

Organio S (+po88ible free Ä), when directly determined, was esti- 
mated by oxidation of the soil, previously freed from sulfide and 
sulfate, with Na^Og according to a method described by Wijkström 
(1935). Dissol ved Uron, aluminium and other cations and the great 
quantity of sodium emanating from the peroxide were separated 
by adsorption in columns of the H-saturated resinous exchanger 
Wofatit K. In the percolate sulfate was precipitated as BaS 04 , 

Total S was determined in an analogous way by oxidation of the 
original soil with peroxide. 

Due to the laborious method of the determination of total S and 
organic 8 , the latter was in rnost cases made indirectly by taking 
the differeiice betweeu total S and the sum of sulfide and sulfate S. 

PhosphornH was determined by extraction in three different ways, 
viz.: two hours’ shaking with (a) 2.5 % acetic acid, carbonates i)re- 
vioiisly dissolved by the acid, using 2.5 gm. of soil in 100 ml. of acid, 
(b) 0.2 N. II 2 SO 4 and (e) 0.2 N. H 2 SO 4 after decomposition of the 
organic matter by ignition of the soil for 1 hour at 500® G. In (b) 
and (e) 2 gm. of soil in 100 ml. of a(åd were used. In the filtrates 
P was determined fotoelectrically, the phosphomolybdate complex 
being developed either aceording to Bohekl (1936) or to the stan- 
nous method. 

Exehangeahle releasable by l K 2 BO 4 , was determined 

by shaking abont 5 gm. of fresh soil (after sampling protected from 
air oxidation) for two hours with 110 ml. of the salt solution (freed 
from air oxygen), the shaking vessel being filled with nitrogen. After 
centrifuging in the same v(* 8 sel, Fe^^" was determined by titration 
with permanganate. 

Fe^^' and soluble in 0,6 N, were determined by sha¬ 

king in the same way as described above. After expelling the HgS, 
set fre<* by the H 28 O 4 , by a stream of nitrogen gas, Fe^^ was deter¬ 
mined in one portion of the centrifugate by permanganate titra¬ 
tion. Tn another portion after reduetion of Fe'^^ in a cadmium re- 
ductor, the sum of the original Fe^^ and Fe/^+ was obtained by 
titration, the HgS being previously expelled. 

Fxehangeable Mn was determined by shaking 5 gm. of soil with 
100 ml. of 1 N, NH 4 OI for two hours, and then leaching on filter 
paper with 100 ml. of the same solution in small portions. In the 
filtrate the ammonia salts were destroyed and the manganese deter¬ 
mined with periodate. 

Galeium carbonate was decomposed with 2 N. phosphoric acid and 
measured gasvolumetrieally in a thermostat. 

The pH of the soil was determined both in water and in 1 N. KCl, 
the difference in the H ion concentration giving a measure of the 
exchange aeidity. 5 gm. of soil in 15 ml. of solution were used. 



816 


Lambert Wiklander and Gunnar Hallgren 


Benvits. 

Svlfur. The results from the S analyseg on the Kungsängen pro- 
file are presented in table 2 and plotted on figure 1. 

f 

Table 2. Sulfur contents, mgm. 81 gm. of dry mfUter^ in the profile 

from Kungsängen. 


Samplf» 

mgm s/gm of dry matter 


depth 
in cm 

Sulfide S 

Organio 
(-f- freo) S 

Sulfate S 

Total S 

EernarkB 

0—20 

0.00 

0.62 

0.12 

0.74 


30--60 

0.00 

1.83 

0.41 

2.24 


80—100 

0.01 

0.93 

1.10 

2.04 


120—140 

0.10 

2.71 

1.27 

4.08 


160—180 

1.70 

5.93 

2.50 

9.66 

All S forms directly de- 
termined 

200—220 

1.97 

5.59 i 

1.78 

9.12 

All S forms directly de- 
termined 

240—260 

1.17 

8.24 

1.45 

10.86 


280—300 

0.56 

10.19 1 

1.04 

11.79 


320—340 

0.42 

11.06 ! 

0.89 

12.37 


360—380 

0.45 i 

1 9.55 

0.71 

1 10.71 

i 


As appears from these there was no sulfide S in the surface soil 
and uppermogt part of the subsoil, and in the two following samples 
(80—^100 cm. and 120—140 cm.) the sulfide content was very low. 
These conditions are evidently due to the fact that down to a depth 
of 140 cm. the soil has been drained at least temporarily and, thus, 
caused the sulfide to become oxidized. At the transition to the 
undorlying impervious horizon, where no oxidation of sulfide has 
been possible, the content of this increases very rapidly and reaches 
a maximum at 200—220 cm. but decreases below that level down 
to a fairly constant value at 280—300 cm. As pointed out in the 
description of the profile, the soil had the darkest colour in the 
region around 200—220 cin. indicating that the sulfide content 
should be greatest at this depth. It can also be emphasized that 
the intensity of the fluorescent light was strongest at this depth 
(cf. table 1). 

As expected the content of sulfate B was very low in the top soil, 
which of course is due to the fact that the greatest part of the sul¬ 
fates formed by oxidation has been leached out. As appears from 
the data the sulfate content increases with the depth, which can 
be accounted for by an eluviation from the top layers resulting in 
an enrichment in the lower layers. The sulfate content rea(‘>hed a 
maximum at 160—180 cm. in the upper part of the impervious hori¬ 
zon. The decrease below this level is due to the reducing condi- 
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Exchan^tfohfe Mn 



Fig. J. Distribution of exchangeable mangjanese and different forms of sulfur 
in the Kungsängen profile. 


tioiis, by wliicdi some sulfate is eonverted into eitber sulfide or 
possibly free sulfur. 

Finally it was found that the amounts of total S and organie S 
were low in the top layer. As an explanation of this it can bo pre- 
sumed that the organic substance of the top soil has a comx)osition 
essentially different from that of the subsoil. By the cultivation 
of the soil the original gyttja substance has been oxidized and more 
or less decomx)osed, the sulfur tranaformed into sulfuric acid, and 
then partly leached down and partly taken up by the crops. Thus, 
the present, organie substance of the top soil originates mainly from 
the rests of cultivated plants and should consequently ha ve a low 
8 content. 

From a depth of about 170 cm. there was a considerable amount 
of organie S. On the samples from 160—180 cm. and 200—220 cm. 
the three different forms of S were determined directly, which was 
also the case with the total S. The agreement betwcen the total 
determination and the partial determinations was as good as may 
justly be demanded from an analysis of this kind. In the other 
cases the amount of organie (+free) 8 was obtained as a difference. 

It is of interest to study the variation of the carbonate content 
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Table 3. pH in water and in 1 N. KCl and exchange acidity in the 
profiU from Kungsängen. 5 gm. of soil in 15 ml. of liquid. 


Saznple depth 
in cm 


P^KCl 

P^KCl 

Exchange acidity 
* m.e. H"/J00 gm 
soil X 10^ 

0—20 

7.56 

6.25 

1.31 

16 

30—50 

4.80 

3.53 



80—100 


3.53 

0.53 


120—140 

4,36 

3.87 

0.4» 

2 738 

160—180 


7.10 

0.60 

1.8 

200—220 

7.90 

7.37 


0.9 

240—260 

8.06 

7.36 

0.70 

1.0 

280—300 

8.07 

7.38 

0.69 

1.0 

320—340 

8.20 

7.44 i 

0.76 

0.9 

360—380 

8.45 

7.58 ’ 

0.87 

0.7 


and that of tbe pH as well as tlieir relation to the amount of 8 (table 
3, fig. 2). In the top soil the pH was considerably higher than in 
the subsoil owing to liming. The field was limed in 1940 with 4—5 
tons of lime per hectare. Before this liming the pH was about 5. 
However, the pH value found seems to be somewhat higher than 
the average pH of the field. The eomparatively small difference 
betweon the CaCOg contents in the top soil and in the subsoil must 
evidently be ascribed to the tact that most of the added lime has 
been decomposed in neutralizing acidoids and acids in the top soil. 
As appears, down to a depth of 140 cm. both the pH (with a mini¬ 
mum of 4.06 in water at 80—100 cm.) and the content of lirnewere 
low. The slight amount of carbonate found in the acid region is 
probably due to the presence of ('a(HC 03 ) 2 . Jn the layers below 
both the pH and the carbonate increased very strongly like the con¬ 
tent of sulfur, The high pH-value of this horizon is caused partly 
by the higher content of carbonate and partly by the reducing con- 
ditions. 

P>om the difference between the pH values in water and KCl 
the obtained exchange acidity (the amount of H^ cxchanged for 
K'*") was calculated in m, e. per 100 gm. of soil. This quantity gives 
an indication of the acidi(} properties of the soil and is a function 
of both the amount and strength of the acidoids and the presence 
of free acids in the soil. From a low value (16) in the top soil, the 
exchange acidity increases very rapidly to a maximum value (8099) 
at 30—60 cm., maintains a high value down to 120—140 cm., and 
then decreases abruptly at the transition to the irnpervious and 
carbonate-richer horizon. This trend corresponds very well to the 
fact that the degree of base saturation is high in the surface soil and 
the lower part of the subsoil, whereas it is low in the oxidized part 
of the latter. 
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Fig. 2. pH in water and in 1 N. KCl and content of CaCOj in the Kungs¬ 
ängen prof i le. 


Iron, 8 inc;e the coriteat of Fe^ ^ in relation to that of Fe^^ is a good 
chariieteristicurn of the oxidation-reduction conditions in soils, we 
ha ve determined the exehaiigeable Fe^^ released by K 2 SO 4 as 
descjribed abo ve as well as Fe‘^+ and Fe^"^ dissol ved by 0,5 N. H 2 SO 4 . 
The results are recorded in table 4, 

As inay be expected, there is no rcleaseable Fe^^ in the upper 
oxidated horizon where consequently all iron oeeurs in trivalent 
form. Even in the impermeable horizon the exchangeable Fe^^ 
is very low despite the strongly redindng conditions prevailing there. 
Howcver, the extraetion with H 2 SO 4 yielded considerable amounts 
of Fe^"*" in this horizon, the marked inerease appearing at the tran- 
sition from the temporarily aerated zone to the waterlogged one. 
These facts indicate that praetically all the divalent Fe is present 
in difficultly soluble form, partly as FeS and partly in othor forms. 
A (jomparison of tables 2 and 4 shows that the content of Fe^+ 
substantially exceeds that of sulfide ö. 

A very interesting thing is the fact that in the snbmerged zone 
not less than 96 % of the iron dissol ved by H 2 BO 4 oeeurs in diva- 
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Table 4. Distribution of Fe^'" and réleased hy one eootraction 

with either 1 N. K 2 SO^ or 0,5 N, mgm,I gm, of dry matterj 

in the Kungsängen profUe, 


Sample depth 
in era. 

Fe 

Replaced 
by KaSOi 

Di‘» 8 olved 
by Ha 804 

Fe** + Fe** 
dissolved by i 
H 2 SO 4 

' Diasolved Fe** 
in por cent of 

Fe*' + Fe** 

0—20 

0.00 

0.0 

21.8 

0.0 

30—50 

0.00 

0.0 ! 

! 21.1 

1 0.0 

80-100 

0.00 

0.7 

13.9 

' 5.0 

120" 140 

0.02 1 

3.0 

10.6 i 

i 28.3 

160—180 

0.14 

15.1 

15.7 j 

i 96.2 

200—220 

0.18 1 

12.5 

13.0 1 

96.2 

240—260 

0.20 

10.3 

10.7 

1 96.3 


lent form, which is a strong evidence of the highly reducing condi- 
tions in watcrlogged soils. 

In this connection it should be mentioned that Tamm (1931) in 
his studies on forest podsol soils in their relation to the hydrologic 
conditions found a considerable content of in the ground 

water from humus podsol and waterlogged soil, even in the pre- 
sence of free oxygen. The ground water from iron podsol, liowever, 
contained no Fe^^. 

Manganese, The ex<*/harigeable Mn (fig. 1) shows an interesting re- 
lationship with the depth. The great increase from the top soil 
down to 160—180 cm. and the decrease below this depth are pro- 
bably a function of both the pH and the oxidation-reduction (ion- 
ditions, The low Mn content iu the top soil can be explained by 
the high pH and the aerobic conditions, both factors tending to 
convert Mn^+ into a nonexchangeable form, i. e. higher oxides. In 
the low pH region of the upper part of the subsoil the amount of 
is high. This relationship is in agreement with the concepts 
of Leeper (1947) and Mattson, Eriksson and Vahtras (1948) 
that at low pH values Mn oxides are extensively reduced by soil 
organic matter. Another factor of importance at these low pH values 
is probably to be found in a suppression of the activity of manga- 
nous-oxidizing bacteria. Part of the Mn^^ will be leached down to 
the impervious horizon, which may explain the fact that the maxi¬ 
mum value of releaseable Mn was found in the uppermost part of 
this horizon, 160—180 cm., despite the high pH at this depth. Ooun- 
teracting the effect of the reducing conditions which favour the for¬ 
mation of Mn^^, the high pH and the lime content of the water¬ 
logged horizon cause the exchangeable Mn to decrease strongly. It 
is evident that the high pH and the lime content overshadow the 
effect of the reducing conditions at this depth, where it must be 
assumed that the frequency of bacteria is comparatively low. 
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To study if the drying of the soil affected the exchangeable Mn, 
two samples were chosen, one from the acid and aerated part of 
the profile, 120—140 om., and the other from the waterlogged zone, 
240—260 cm. The fresh samples were divided into two parts, one 
of whicli was analysed immediately and the other air-dricd and thon 
analysed for Mn^^. The results showed that the drying caused a 
decrease of exchangeable Mn of 31 % in the first case and 65 % in 
the latter. Due to the low pH at 120—140 cm. and the high one 
at 240—260 cm. the oxidation of Mn^*^ has been more favoured in 
the latter case than in the former, which presnmeably explains 
the differences found. 

Fhosphoriis. In line with the phosphorus investigations in pro- 
gress at the Institnte of Pedology we have chosen to determine phos- 
phate extractable with 2.5 % acetic acid as well as phosphate ex- 
tractable with 0.2 > 1 . 112804 , in the latter case both before and 
after ignition of the soil for one hour at 500^^ O. According to Matt- 
son’s investigations^ the acetic acid-soluble phosphate is to be con- 
sidered as mainly calcium-bound, while the sulfuric acid-soluble part 
includes both the calcium-bound and the greatcr part of the ses- 
quioxide-bound phosphate. The difference between the phosphate 
deterrnined after and before ignition is considered equal to the orga- 
nic-bound P. 

In order to study if the drying of the soil affects the solubility 
of the phosphates, the P analyses were run both on the fresh samples 
and on tlie air-dried samples. Due to the reducing conditions pre- 


Table 5. Phosphorus contents, mgm, P 2 OJ100 gm. oj dry matter, in 
the profile from Kungsängen. 

PjlAr ™ phosphate extractable with 2.5 % acetic acid; 

Ph SO 4 ^ extrac^tablo with 0.2 N. H 2 SO 4 . 


Samplo dopth 

111 cm 

Air-dried soil 

Undriod soil 

^HAc 


Or^ainc 

P 

Total 

P 

^HAc 


0-~20 

19 

82 

89 

171 

28 

87 

30—50 

1.5 

68 

52 

120 

8.2 

67 

80—100 

1.3 

133 

35 

168 

8.3 

1.30 

120-140 

15 

138 

23 

161 

57 

127 

100—180 

27 

155 

21 

176 

103 

142 

200—220 

30 

157 

18 

175 

101 

1 155 

240- 260 

75 

166 

19 

175 

101 

1.50 

280—300 

73 

156 

21 

177 

106 

147 

320—340 

106 ! 

155 

19 

174 



360—380 

112 i 

149 

1 21 

170 




XJnpublishad data. 
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Fig. 3 . Distribution of phosphorus extracted by 2.5 % acetic acid (PjIAc) and 
by 0.2 N. H,S04 (PH28O4) as well as organic and total phosphorus. Fulldrawn 
curves for PhAc and PHaSO* refer to fresh soil, the other curves to air-dried soil. 


vailing in the lower part of the profile and to the very low pH of the 
npper part, it can be presumed that the P solubility will be affeo- 
ted by drying. The resnlts from the P analyses are reeorded in 
table 5 and figure 3. 

The aeetie acid-soluble P in the air-dried soil shows an interesting 
variation with the pH and the depth of the samples. From a fairly 
high content in the snrfaee soil the soluble P decreases to very low 
vallies at 30—50 cm. and 80—100 cm. and then inerenses rajndly with 
the depth. By comparison between tables 3 and 5 the intimate 
relationship between the pH and the extractable P becomes con- 
spicuous, the minimum of Ihis corresponding to the lowest pH- 
values. These findings clearly prove the often established phos- 
phate fixation as oecurring on acid soils. The fixation is particu- 
larly evident if the acetic acid-soluble P is compared with the total P. 

An indication that the relatively high valuc in the top soil is caused 
by a previous liming is arrived at from similar analyses on a sample 
taken from an adjacent cultivated field with the same soil type 
but where there has been no liming during the last two decades. 
The pH in water was here 5.1 and in KOI 4.0 and the acetic acid- 
soluble P of the dried soil only 3.1 mgm. PgOg/lOO gm. of soil. The 
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total P, however, was 182 mgm., thus, somewhat greater than the 
corresponding value in the profile. 

The phosphate released by 0.2 N. H 2 SO 4 (PhjSO*) does not show 
such a great variation with the depth as that released by acetic acid 
(PnAc). From a^mininium at 30—50 cm. it soon reaches a practi- 
cally oonstant vaÄue. 

The extracting power of HAc in relation to that of H 2 SO 4 varies 
greatly with the depth. The fact that the ratio Fh^oJ^rac has its 
highest value (= 100 ) at 80—100 cm., where the pH is at a mini¬ 
mum, and its lowest value (= 1.3) at 360—380 cm., where the lime 
content is at a maximum, indicates that the inorganic phosphate 
in the acid zone is bound mainly by iron and aluminium, which 
makes it fixed and difficultly available to plants, whereas the phos¬ 
phate in the zone with a high pH is evidently calcium-bound, thus 
making it soluble in a slightly acid medium. 

The organic P shows a fairly constant value throughout the whole 
profile except in the surface soil and the very uppermost part of 
the subsoil. The higher valucs in this part may be explained by 
the fact that the content of organic matter in the top soil is rather 
high and that some inorganic P in the most acid part not dissolved 
by H 2 HO 4 is included in ihe organic P, since this is obtained as a 
differcnce. Hliglit differences are also shown in the distribution 
of total P, the only exe.eption being at 30—50 cm. 

!Noteworthy is the distinct minimum at 30—50 cm., obtained with 
all the different extra(‘tion methods. This marked minimum may 
be explained by the fact that the plants take up some of their P 
from the subsurface soil, in the long run thereby depleting the 
soil at this depth of the different P forms. In the surface soil proi)er 
there will be a relative enrichment by repeated application of P 
fertilizers, which according to many observation? movo down- 
wards very slowly. At the dei)th of 30—50 cm. fertilizations will 
t.her(^fore contribute very slightly to the P contents. The P condi- 
tions may therefore be said to reflect the natural conditions far 
better at this depth than in the surface soil. 

rt apj)ear 8 further from table 5 that the air-drying of the soil exer- 
ted a depressing effecjt upon the acetic acid-soluble P. This »dry- 
ing effect» is probably to a certain extent eaused by an oxidation 
of Fe^^ present in the poorly aerated part of the profile, to Fe^^, 
thus, increasing the P fixation. In the case of a high lime content, 
the P fixation by oxidation of iron wdll be eounteracted by the high 
pH and the possibility of the formation of calcium phosphate, An- 
other possible result eaused by the drying is a decrease in the 
degree of hydrolysis of the phosphate compounds in the soil. It 
may be assumed that in natural soils in moist conditions the phos- 
phates are to some extent hydrolysed and hence more soluble and 
plant available than in dried soils. Drying of a soil may decrease 
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Table 6 . Effeet of oxidation and drying of soila on the aolubility 
of phoaphatea in 2.5 % acetic aoid^ mgm. P^O^I 100 gm. of aoil. 




Undried »oil 



Oxidated 

Air^dried 

Depth cm 

Unoxidat^ed 

i 

Oxidated 

1 1 

Unoxidated 

Oxidated 

Air*drted 

BQll 

120—140 

61.6 

18.1 

3.40 

12.6 

1.44 

240—260 

98.6 

62,5 

1.58 

70.6 

0.89 


the hydrolysis, thereby rendering the phosphates more difficultly 
soluble. The »drying effect» on the P aolubility in the upper part 
of the subaoil is probably mainly oaused in this way, ainoe thc^re 
was no Fe^ ^ in this part of the profile which by oxidation conld de- 
crease the P solubility. 

In order to separate the two above-mentioned faetors involved 
in the »drying effect», the following experiment was carried ont. 
From the deptlis of 120—140 cm. and 240—260 cm. respectively 
two samples of fresh soil were weighed into flaska and somo water 
was added. Af ter immediate evacuation the fläsks were filled with 
either oxygen or nitrogen and repeatedly shaken for 24 hours. A 
third sample of the respective soils was at the same t.ime spread 
out, dried for a few days, and analysed for acetic acid-soluble P 
in the same way as for the other samples. A difference in realesed 
P between the nitrogen- and the oxygen-treated samples must be 
due to the pnre oxidation only, since no drying took place, whereas 
a difference between the oxidated and the dried samples should 
be ascribed mainly to hydrolysis. The results are listed in table 6 . 

From table 6 it is evident that the oxidation affected the P solu¬ 
bility in a higfi degree, the difference being greater in the samples 
with a low pH and poor in lime than in the samples with a high 
pH and rich in lime which conditions counteract the P fixation in- 
duced by oxidation of iron. The drying effect proper was in these 
soils of les .8 irnportance than the result of the pure oxidation. In 
the samples from 240—260 cm. oxygen treatment caused a greater 
depression of the P solubility than drying in air, which may bo ex- 
plained as a result of the higher oxidation intensity in the former 
case than in the latter together with the liighly reduced conditions 
at this depth. 

The decrease of the P solubility and probably also at the same time 
of the plant availability appears, however, only when mild extrac- 
tants are used. As is to be expected on ernploying 0.2 N. H 28 O 4 
for the extraction, no marked difference between fresh and dried 
soils will appear, which is evident from table 5. The result of the 
drying was rather an increase which was, however, small and doubt- 
ful and may depend on errors in the analytical procedures. 
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Discussion* 

The results obtained from the investigation of the profile show 
how the conditions, in different respects, varied with the depth. To 
be able to draw^any definite conclusions from the results as to 
the properties of gyttja-containing soils in general, it is important 
to know if the profile studied is representative for such soils. Our 
present knowledge about these soils suggests, however, that this 
is the ease in a fairly good way. Thus, cultivated gyttja soils usu- 
ally show about the same picture as illustrated by the profile as 
far as the oxidatioii-reduction conditions are ooncerned. They often 
exhibit an oxidated upper horizon with marked permanent cracks, 
and a waterlogged lower zone where the soil is usually more or less 
dark-coloiired due to reducing conditions and the content of iron 
sulfide. As far as virginal gyttja soils are concerned ^vhere cultiva- 
tion often is prevonted by a very high ground water tablc, the oxi¬ 
dated horizon is limited and often restricted to the surface soil 
propt^r. In such waterlogged soils oxidation can of course not take 
place until the soil is drained. The drainage of waterlogged gyttja 
soils, however, not seldom includes special problems from the j)oint 
of view of crop production, as is shown by other authors (Feilitzen 
and ^SÖDERBAUM 1922, and others). 

In this connection it may be mentioned that in certain parts of 
8 weden, especually along the coast of Xorrland, there is a particu- 
lar type of soils (jontaining sulfides, viz. the so-called alum-soils. 
These soils whose origin is discussed (IIannerz 1932, Kivinen 1944) 
but wliose occurrenee rnainly seems to be due to the land elevation, 
sometirnes have a very low content of organic matter in the subsuil 
but in spite of this a comparatively high sulfide content (e. g. a sul- 
fide-containing fine sand). Also in these soils there are some spe¬ 
cial drainage problems arising on their cultivation. Despite the 
high permeability of some of these soils, drainage is often necessary 
for pre ven ting sulfates to move up in to the root zone. 

It may also be mentioned that the alluvial sediments which con- 
stitute the Kungsängen soil undoubtedly have a higher content of 
CaOOa than gyttja soils on an average, even if the carbonatc con¬ 
tent in the aerated zone of the profile was comparatively low due 
to leaching and the production of II 2 SO 4 . Moreover, the top soil 
has been limed and thereby acid substances neutralized and pH 
considerably raised. In unlimed gyttja soils, on the contrary, with 
an acid top layer the conditions may be somewhat different. In 
such cases we must, among other things, expect a stronger fixa- 
tion of phosphorus in the top soil than was found in the present 
investigations. 

The considerable differences in the amounts of the acetic acid- 
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soluble P between the fresh and the dried soils demonstrated in 
this investigation is an observation of great interest. Our studies 
in this respect were, with regard to their purpose, not carried out 
to such an extent that the results can be considered valid for all 
kind of soils. That in poorly aerated soils air-drying will cause a 
reduction of the P solubility, seems, however, to be out of doubt. 
As far as aerated soils are concerned the results may not be gene- 
ralized, since the P solubility is determined by several factors, but 
on the other hand they certainly are of such a kind as to call atten- 
tion io further investigatioiis of the relation between the availabi- 
lity of plant nutrients and the moisture oonditions in the soil. 


Summary* 

The present paper deals with the oonditions in a typical gyttja- 
containing clay soil from Kungsängen near to Uppsala. 

For these studies a profile, 4 m. deep, was taken. The investiga- 
tions included determination of the mechanical composition, pH, 
contents of CaC^Oa, exchangeable Fe and Mn, acid soluble Fe, sul- 
fide, inorganic sulfate, organic sulfur, total sulfur, and phospliates 
extractable with 2.5 % acetic acid and with 0.2 N. 
latter case both before and after ignition. 

Down to a depth. of about 140 cm. there were permanent (‘.räcks 
and, therefore, temporarily oxidation conditions. Below this depth 
the soil was waterlogged and impervious. The aerated part of the 
snbsoil showed a low pH and high exchange acidity, causing a strong 
fixation of phosphorus, and small amounts of acid soluble Fc‘^^, 
sulfide and organic sulfur, but a high coritent of acid soluble Fe^+ 
and exchangeable Mn. In the waterlogged horizon, on the other 
hand, we found a high pH, a very low exchange acidity, a high 
content of acdd soluble Fe^^, and acetic acid-soluble P, but a com- 
paratively low (jontent of exchangeable Mn and surprisingly small 
amounts of acid soluble Fe’^+. Due to the reducing (»onditions in 
this horizon, there was a high sulfide content, with a maximum at 
about 220 cm. A large amount of organic sulfur was also found 
at this depth. The inorganic sulfate showed a maximum at 170 cm., 
the dccrease upwards due to leaching and downwards due to reduc¬ 
tion. 

The effect of the soil drying on the amounts of soluble P and ex¬ 
changeable Mn compfired with the amounts in the fresh soil, was also 
studied. The results showed a pronounced decrease in the acetic 
acid-soluble P in the subsoil by the drying. As could be expec- 
ted the drying caused a decrease of exchangeable Mn, more in 
the alkaline zone than in the acid one. 
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